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Powder Metallurgy 


Education and Tomorrow 


N any review of papers on powder metallurgy 
I published in this country it will be found that the 

proportion reporting actual work done here is very 
small while the majority of such papers will be reprints 
of communications which have already appeared in other 
countries. This does not mean that powder metallurgy 
is not finding application in this country, nor does it 
indicate lack of interest in the subject here. It does 
show that there are comparatively few powder metal- 
lurgists working here, and, more important still, that 
the subject does not find favour in the universities or 
technical colleges where training and tuition in metal- 
lurgy is given. It is, in fact, true that nowhere in this 
country is it possible to attend lectures or laboratory 
courses in powder metallurgy. This is a very serious 
matter for this country, and one that calls for much 
more consideration than it has hitherto received. Powder 
metallurgy, as yet, cannot claim to be of equal importance 
with certain other branches of metallurgy, but there is 
real and rapidly increasing interest in its possibilities, 
and there is little doubt that it will play an important 
part in the industrial development of the near future. 
So far as this country is concerned, we shall be gravely 
handicapped because there will be no supply of men or 
women trained in powder metallurgy, and it is quite 
impossible to improvise experience and knowledge in a 
subject so fundamentally different from ordinary 
metallurgy. 

Already many firms and organisations are inquiring 
after personnel trained in powder metallurgy in order 
to commence investigating possibilities in their own 
particular spheres. No such personnel is available and 
as a result there have already been cases where a 
promising project has had to be relinquished, or at least 
postponed indefinitely because trained personnel were 
unavailable. 

It does not require much knowledge to realise that in 
a subject which is different in so many fundamental 
directions from existing practice as is powder metal- 
lurgy, lack of training and experience will almost 
inevitably result in loss of money, material, time and 
opportunity. On theotherhand, the subject has received 
rather good deal of publicity and 
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they would like to try out some possibilities for them- 
selves. Certain aspects of powder metallurgy do hold 
out attractive possibilities, especially in cases where mass 
production is the rule. We hear, for example, of articles 
being turned out by thousands an hour, of cases where 
in place of a 60% waste through machining, parts can be 
produced without any waste at all, at a higher produc- 
tion rate and having very much better physical pro- 
perties and closer tolerances. Then, too, powder 
metallurgy can handle combinations that are metallur- 
gically impossible by other methods, such as tungsten- 
copper, molybdenum-silver, and the like. There are also 
the many possibilities of porous metals in industry which 
have as yet received application in only the most 
obvious directions. The fact that porosity can be con- 
trolled over a wide range and yet within comparatively 
narrow dimensional limits so far as the actual pores are 
concerned, opens up quite a number of attractive 
developments that might well repay the costs of in- 
vestigation. The mention of these few directions by no 
means exhausts the practical applications of powder 
metallurgy that are being made already both in this 
country and elsewhere, nor does it intimate the important 
developments that have taken place here during the war 
years. Notwithstanding these developments and the 
many applications of powder metallurgy which do 
flourish here to-day, we are still not only lamentably, but 
perilously short of any real educational facilities which 
would provide us with personnel trained in powder 
metallurgy. 

For a moment it may be useful to refer to the United 
States of America, for we in this country are perhaps in 
closer touch with them than with any other foreign 
country ; they are allies, and they speak our tongue. 
In the United States to-day there is organised tuition in 
powder metallurgy in several of their important institutes 
of technology, there are laboratory courses to supplement 
lectures, there are other lectures subsidised by the 
United States Government, and also by State Legisla- 
tions. In the last three years there have been several 
important symposia, some held under the auspices of the 
world-renowned Masachusetts Institute of Technology, 
another last year sponsored by the American Society for 
Testing Materials. There has already been formed a 
Powdered Metals Institute whose most direct and 
important function is to advise United States Govern- 

ment and otber departments 


sohas aroused a good deal of 
curiosity and interest... Added 
to this, there have appeared 
some rather higbly coloured 
claims as to what has been 
achieved in other countries, 
and, not unnaturally, English 


The fact that goods made of raw materials in 

short supply owing to war conditions are 

advertised in ‘‘ Metallurgia*’ should not be 

taken as an indication that they are necessarily 
available for export. 


on all matters appertaining 
to powder metallurgy and 
to bring to the notice of 
such departments directions 
in which powder metallurgy 
can be of direct service to 
the United States war effort. 
This Institute was formed 


manufacturers feel that 
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in 1942 by 12 companies using powder metallurgy 
processes, and their view of their province is 
expressed in their own words as “to serve as an 
advisory council in the Army and Navy in adapting 
powder metallurgy to war production.” A further 
indication of United States interest and progress is the 
publication of the first papers presented before the 
Symposium on Powder Metallurgy, held in 1940 and 
1941, under the auspices of M.I.T., edited by Jobn Wulff 
and sponsored by the* American Society for Metals, 
providing the best collection of papers available on the 
subject and an admirable commentary on American 
practice. Next came the publication of ‘* A Course in 
Powder Metallurgy,’ by Walter J. Baéza, a book 
intended as a laberatory companion to the student 
attending a course of lectures on powder metallurgy. As 
against all this, we, in this country, have the book on 
“The Principles of Powder Metallurgy,” by Dr. W. D. 
Jones, and a few papers mainly of a general character. 
We have no organised courses of instruction at any 
recognised educational centre. 

This is all the more remarkable, because powder 
metallurgy is not by any means neglected in this country, 
nor are we seriously behind other countries in certain 
very important applications and there is no lack of 
interest in the subject not only among firms actually 
engaged in the metal industry, but also among many 
large firms engaged in various engineering enterprises. 
As might be expected, the well-known examples of 
applied powder metallurgy, the porous bearing, the steel- 
hacked bearings used in the aeronautical and the 
automobile industries, the friction plates for heavy 
duty brakes and clutches, the valuable, indeed unique, 
metal combination used for electrical contacts ; these 
and other applications have started engineers and others 
thinking of newer and wider uses to which powdered 
metals can be put. As a result, there are a really large 
number of engineers who desire information not only on 
the possibilities of powder metallurgy, but urgently 
desire to make a start, however small, towards realising 
some of the possibilities they see before them, and for 
that purpose want people with some experience and 
training in powder metallurgy. In this they are un- 
questionably right, for there is no field in which it is 
easier to waste a tremendous amount of time and money 
than in experimenting without previous experience and 
in attempting even the simplest operations in powder 
metallurgy without knowing something of the subject. 
To emphasise this, it may be said that it is a simple 
matter to name, say, 50 different applications of powder 
metallurgy, and each one of those applications will call 
for its own particular conditions, experience, methods 
and specifications. Moreover, it cannot be guaranteed, 
nor is it even likely that experience in one field will be 
of much assistance in another. What is of fundamental 
importance is a comprehensive and sound knowledge 
of the methods of preparation and the properties of metal 
powders, a full realisation of the importance of particle 
shape, size and distribution, experience and understand- 
ing of the plant used in pressing and sintering, and of 
the behaviour of powders under such treatment and of 
the factors which control and determine that behaviour. 
That is a short statement of what should be added to 
the normal training of a metailurgist if success is to be 
attained in the control of handling of powder metal- 
lurgical operations. It is difficult, sometimes almost 
impossible, to obtain recognition of the essential 
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differences that exist between normal metallurgical 
practice and that of powder metallurgy. It has been 
said that it is a simple matter to pick up the necessary 
experience in a few hours, or to obtain the rudiments in a 
couple of lectures or so. This is at once a costly and a 
dangerous doctrine. There are few subjects in which the 
saying that a little knowledge is a dangerous thing is 
truer or more likely to prove exceedingly expensive than 
in powder metallurgy. 

In view of the possibilities which the future holds out 
to us it is to be hoped that the importance of educational 
facilities for powder metallurgy will not continue to be 
overlooked. There are schools of metallurgy at most of 
our universities, and tuition is given in the subject at a 
number of technical] colleges. There should be organised 
courses available covering lectures and laboratory work 
at least at two important centres for a beginning, and 
later at every university where metallurgy is a subject. 
We want schools of powder metallurgy in this country 
at least equal to those now in being in the United States, 
in Germany, Japan and Russia, and we want them as 
quickly as possible. 


Iron and Steel Research 


T their meeting on March 21, the Council of the 
British Iron and Steel Federation approved a 
scheme which had been prepared by a Committee 
set up by Sir James Lithgow, Bt., M.C. (the outgoing 
president, who was chairman of the Committee in 
question) for the formation of the British Iron and Steel 
Research Association, which will take over the work of 
the Iron and Steel Industrial Research Council. The 
constitution of the new Research Association provides 
for collaboration with the Iron and Steel Institute, 
with the right of nomination of members of the Council 
of the new Association. It is understood that these will 
be scientists not connected with the industry, but 
engaged in fields of work related to the work of the 
Association. The Federation will nominate members 
who will represent the different departments of the 
industry—scientific, technological and management. 

The present Research Council developed out of a Fuel 
Economy Committee established in 1924, and has now 
become one of the largest and leading collective research 
organisations in the country. Heretofore it has been a 
Standing Committee of the Federation, but a report on 
the work of the Research Council by the Department of 
Scientific and Industrial Research (October, 1942), which 
bore high testimony both to the scope and to the quality 
of the work which had been carried out under the direc- 
tion of the Council, also recommended that it had now 
reached a stage where it was desirable that its work 
should be transferred to an autonomous research associa- 
tion under the egis of the Federation and financed by it, 
to ensure that research becomes an activity of the whole 
industry and not merely a service rendered to it. 

The scheme adopted provides for an annual expendi- 
ture of any amount which the Council of the Research 
Association may find necessary for the work required ; 
and authority has been given to the Association to 
expend in the first instance up to £250,000 annually 
without further reference for the approval of the Federa- 
tion. In the meantime, the Iron and Steel Industrial 
Research Council is continuing to direct the large range 
of research, which it has in progress. 
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The Deposition 


METALLURGIA 


Alloys by Welding 
By P. L. Pocock, A.M.Inst.W., M.I.S.Inst. 


The value of hard facing is increasingly appreciated, largely as a result of developments 


of Hard-Facing 


in materials and in the technique of welding them to suitable base materials required to 
resist wear, corrosion or both. Many methods of producing hard surfaces are used, in this 
article the author confines his attention to the fusion welding of hard alloys. 


HE main purpose of applying hard facing is to 

I reduce the wear of a particular part or piece of a 

machine that is subjected to heavier service than 
the remainder of the machine, and by prolonging the 
serviceable life of this part the machine can remain in 
operation for a longer period, with a substantial reduc- 
tion in maintenance and idle time costs. In -addition 
to increasing the service life of a particular key part, 
the hard facing applied has a iow coefficient of friction, 
is resistant to corrosion, and can be applied successfully 
to cheaper base metals. Hard-faced parts will outwear 
the normal base materials used from 2 to 30 times, 
depending upon the type of hard-facing alloys used. 

Many ferrous components must be strong and tough 
because of their design or function and generally a 
compromise between hardness and toughness must be 
accepted. With parts designed for hard-facing, however, 
the body or parent metal can be of steel expressly 
suited for strength requirements and resistance to shock ; 
the wearing surfaces being subsequently hard-faced with 
a suitable wear-resistant material to form composite 
components which possess both strength and hardness 
according to function of a particular part. Often plain 
medium-carbon steel is used or low-alloy steels may be 
required for the base material, whichever satisfy the 
necessary strength and resistance to shock. 

Various materials are used to provide hard-wearing 
surfaces on parts of components required to resist 
abrasion, thus, low-alloy steels containing either man- 
ganese, chromium, nickel, tungsten, molybdenum, or 
vanadium, with 0-3 to 0-6% carbon and alloying ele- 
ments approximating to 5%, may satisfy the service 
conditions ; but usually harder materials are required, 
such as high alloy, steels of manganese, tungsten, cobalt, 
molybdenum, or nickel, together with high chromium, 
the alloying elements exceeding 10° ; non-ferrous alloys 
of cobalt, chromium and tungsten, which have the 
property of red hardness; and carbides of boron, 
tungsten, tantalum or titanium, which have a hardness 
range between 8-5 and 8-9 on the Moh scale of hardness, 
and which retain their hardness well at elevated tempera- 
tures. The order of toughness of these materials is 
approximately the opposite of wear resistance, and for 
this reason no one material can be applied successfully 
for every purpose. Tungsten carbide, for instance, may 
be the most suitable for use where friction is the deciding 
factor, providing little or no impact is encountered ; on 
the other hand, for smooth-bearing surfaces or corrosion 
resistance the cobalt-base non-ferious alloys kave much 
in their favour. 

_ The cobalt-chromium-tungsten group of alloys contain 
le or no iron, but they may contain vanadium or 


Rolling mill guides hard-faced with ‘ Stellite ’’ are 
claimed to last ten times as long as untreated guides. 


molybdenum. Stellite is in this group as well as several 
other proprietary alloys. All are characterised by high 
resistance to acids and alkalies, low coefficient of friction, 
and high hardness up to 700°C. The melting point of 
these alloys is about 1,300° C., while the hardness varies 
from 416 to 650 Brinell. The carbides have the highest 
hardness, as, for instance, the granular tungsten carbide 
used for this purpose, but the melting temperature is 
about 2,800° C., and it can only be applied by means 
of the carbon are. 


Base Materials 


Before discussing the application of these hard-facing 
materials a brief reference should be made to the base 
materials used for components which require to be hard- 
faced. Most steels can be readily hard-faced, but those 
containing 0-50°% carbon and over usually must be 
heat-treated, and the hard-facing of high-speed steel is 
unsatisfactory. Low alloy and stainless steels, grey cast 
iron, alloy cast iron, and nickel base alloys are success- 
fully hard faced, but brass, bronze, copper and aluminium 
alloys are difficult or impossible to hard face by welding 
because of their relative low melting points. The 
difficulty with these latter materials is overcome by the 
introduction of hard metal inserts with which we are not 
concerned in this discussion. 


| 
| 
a 
n 
of 
A- 
t, 
le 
i- 
to 
ly 
al 
‘ 


200 METALLURGIA 


Treatment of Component to be Hard-Faced 
The successful application of the hard-facing depends 
largely upon the preliminary treatment of the com- 
ponent to which it is applied. All loose scale, dirt, rust, 
or other foreign substances should be removed from the 
areas to be hard-faced, preferably by grinding or 
machining. The base metal should be clean. When 
application is to be made to a groove, corner or recess, 
it is preferable to have ali corners well rounded, other- 
wise local overheating of the base metal may result. 
Where only a small section of a component is to be hard- 
faced, a suitable shallow recess, groove or indentation 
to receive the hard-facing metal may be prepared either 
mechanically or with the oxy-acetylene blowpipe. 

It is generally recognised that preheating is often 
advisable in most welding operations, and the same 
general rules apply before hard-facing. Parts are pre- 
heated in those cases where the application of hard- 
facing would otherwise cause them to warp, or where 
both time and welding heating medium can be saved by 


preheating. Usually, steels containing more than 
05% carbon should be preheated. The larger the 


surface to be hard-faced, the higher the preheating 
temperature must be to avoid cracks. In nearly all 
circumstances the base metal should be preheated to 
between 200° and 800° C., depending on size and 
sensitivity to hardening. Usually, preheating in a 
furnace is best and, after hard-facing, it is important 
to cool slowly afte: reheat- 
ing to 700°-800° C, . x. 

An important factor is 7 
the preparation of the base 
material to ensure a satis- 
factory bond for the hard- 
facing metal or alloy. 
Thus, for instance, correct 
procedure is indicated in 
Fig. 1 ; that at A shows the 
method used if the surface 
applied is to be subjected 
to shock in service, such as 
in the case of a die; that 
at B is the normal form of 
preparation for general 
service conditions; while 
that shown in C is the 
usual method when the 
hard-facing is to be applied ee 
to longitudinal 
Whichever method is 
employed, care should be 
taken to obviate sharp 
corners 


MACHINED 
RECESSES 
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Fig. 1.—Preparation of 
components to receive 
hard facing material. 


Welding Processes 


Hard-facing metals and alloys are applied by either 
electric or oxy-acetylene welding processes, although 
non-ferrous alloys are best applied by means of the 
oxy-acetylene process. Generally, this latter process 
permits close control over the operation and produces a 
smooth deposit. An exception to this general recom- 


mendation tor the use of the oxy-acet ylene process is the 
non-ferrous hard-facing alloys deposited on manganese 
steel. For such base metal are welding is generally 
preferred, since the absorption of heat by the base metal 
is not so great by this process. For heavy parts, the 
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Cement mill bearing faced with ‘ Stellite ” increased 
service life to three years, compared with three 
months previously. 


are process, in many cases, can be used without pre- 
heating, as, with large areas, tlhe possibilities of dis- 
tortion are not so great. The electric are can also be 
used with advantage for heavy parts which do not 
require finishing operations to the deposited metal, and, 
as stated earlier, it is preferable for the hard-facing 
carbides. 

With the oxy-acetylene process, particles of scale and 
foreign matter are easily eliminated and edges and 
corners can be readily formed. Other advantages of 
this process include low loss for expensive alloys by 
vaporisation or spattering, close control of the oxidising 
or reducing conditions of the atmosphere surrounding 
the molten metal, and accurate control over the degree 
of penetration of hard-facing alloy in the base metal. 
This latter advantage is of importance, especially with 
respect to'the application of certain classes of hard- 
facing materials, some of which should be puddled in, 
while others are flowed on to the base material at a 
“sweating ’’ heat. The oxy-acetylene process offers 
facilities for producing either condition at the will of 
the operator. 


Fig. 2.— 
Showing 
the relative 
size of the 
cone and 

flame. 


Oxy-Acetylene Welding Practice 


The practice adopted with the oxy-acetylene flame 
varies with the nature of the metal being deposited. 
In the practice of depositing from the cobalt-chromium- 
tungsten hard-facing rods, for instance, the blowpipe 
should be adjusted to a carburising flame with the tip 
of the outer cone extending almost three times the 
length of the inner cone. A tip sufficiently large to hold 
the heat in the body metal should be used ; usually 
the blowpipe size is larger than that used for welding 
mild steel of the same thickness as the component to 
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up carbon from the flame, and a thin surface 

film of higher carbon steel is formed having a 

lower fusing point, hence this film appears to 

: “sweat”? before any measurable part of the 
base metal is heated to its real melting range. 
When this occurs, the rod should be held as 
indicated in Fig. 4, and as the alloy melts from 
the rod it will spread freely over the sweating 
surface. Any scale encountered or formed in 
the course of the work should be floated 
off by manipulation of the flame to avoid 
pinholes in the deposit. 

The importance of getting the surface of 
the base metal in a sweated condition to 
permit easy flow of the deposit is emphasised 
in Fig. 5. It is noteworthy, too, that the very 
thin original sweated layer forming the bond 
between the base metal and the hard-facing 


. alloy possesses greater strength and toughness 
Punching and drawing dies faced with ‘‘ Stellite.”’ than either the base metal or the hard-facing 
Experience has shown that steel dies have a service alloy, due to the inter-alloying of the two 
life of approximately 150,000 components per grind, metals in this thin laver 
while the hard-faced dies give 600,000 per grind. 
. ___Asthe rod melts in the process a puddle of hard 
| which the bhard-facing alloy is to be applied. The alloy will form in contact with the base material and will 
6 nozzles sizes and yas pressure for various metal spread over the sweated area, forming a clean deposit. 
t thickness are given in the accompanying table :— Should the hard alloy not spread freely the base material 
: EQUIVALENT TIP sIZKa. is too cold and will require reheating to a sweating 
__.... condition. The blowpipe flame should continue to be 
Oxweld | Can, | Oxygen | pritich Oxygen. Rrritish Industrial played over the area of the puddle and as the blowpipe 
| _ is moved forward the hard alloy should be added at 
i LP. intervals to build up the required thickness of deposit. 
f rod should be kept in the envelope of the flame. The 
= | hard alloy should be coaxed along in the direction of 
travel by the movement of the blowpipe and not by 
is 350 é 5 stirring the puddle with the rod, rather should the 
10 is 13 application of the rod reproduce a gentle brushing action, 
; | taking care to disturb the thin layer of base metal as 
EXCESS ACETYLYNE 
FEATHER 
WARD ALLOY 
j ROO 


Fig. 3..-Showing the angles of rod and nozzle. 


Without an excess of acetylene the cobalt-chromium- 
tungsten alloys tend to spheroidise and pile up, and 
become porous instead of running freely and making 
a uniform and smooth de posit. The eeneee size of the 
cone of the flame is shown in Fig. 2. The angles of 
blowpipe and the hard alloy rod seul be as shown in 
Fig. 3, and the flame should be held so that the inner 

white cone is about } in. away from the work and the 
feather of the acety lene env elops the rod and maintains 
the area in a sweated condition. 

Before the hard alloy can be applied to the base 
material the surface to which it is to be welded must 
be brought to a sweated condition by the acetylene 
flame. When a mild steel base material is used it takes 


MOLTEN PUDDLE 
OF HARD ALLOY 


OO 


Fig. 4._-The normal leftward method of depositing. 


little as possible, otherwise iron will combine with the 
hard alloy and dilute its properties, subsequently 
affecting its life and efficiency. 

Ordinarily, the leftward method of progress is used, 
as in Fig. 4, but in cases where the base metal scales 
badly the rightward method of progress may be applied 
as shown in Fig. 5. 

After the hard alloy has been deposited the com- 
ponent should be allowed to cool very slowly to prevent 
it cracking and to reduce undue stresses ; for this purpose 
it may be bedded into any insulating material available, 
or, as advised earlier, the best method is to reheat slowly 
in a furnace and then allowing the component to cool 
with the furnace. 


‘ad NER CONE 
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Electric Arc Process 

The penetration is somewhat deeper with the electric 
are than with the oxy-acetylene process, in consequence 
interalloying takes place to a greater extent, although 
it can be kept at a minimum by careful control. The 
are process is generally more economical for covering 
large areas, and it is frequently employed if rough 
surfaces and some cracking or checking of the hard- 
facing metal are not objectionable. The preparation of 
the component to be hard-faced should be the same as 
when using the oxy-acetylene method. 

Either direct or alternating current may be used, and 
with direct current bare rods may be employed, but 
INNER CONE. 


EXCESS ACETYLENC FEATHER 
FLAME 


MOLTEN PUDDLE OF STELLITE 

Fig. 6.—-The an method of depositing. 


{ROO 


where possible it is advisable to use those that are flux- 
coated. A smooth bead is more likely with the coated 
rods and, generally, there is less likelihood of cracks and 
of porosity. When using alternating current for the 
cobalt-chromium-tungsten hard-facing alloys the 
positive pole should be used for the alloy electrode. 
In general, the current value should be slightly 
higher than is used for mild steel of similar section. 
For the cobalt-chromium-tungsten alloys the operation 
is similar to that when are welding mild steel, and should 
follow the same general rules : the electrode to be held 
nearly vertical ; the are maintained at approximately 
\— jy in. from the work surface, and extreme care must 
be taken to keep the are moving with a swinging move- 
ment to prevent deep penetration ; this latter point 
is most important. If it is necessary to deposit 
more than one bead to cover the required area, the 
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Clamping dics, former dies and drilb chucks hard faced 
with * Stellite’’ give a life 5 times that of steel dies. 


APRIL, 1944 


first layer should be thoroughly wire-brushed and 
each successive layer should overlay the previous one, 


cORRCCT 


CORRECT 


Fig. 7.—Hard 


Fig.5.—-The correct form of 
facing a valve. 


deposit and layer. 


as shown in Fig. 5. Such technique is necessary when 
applying bard-facing to the valve shown in Fig. 7, 
for which a small rotating jig was made and a direct 
current arc-welding plant used. After welding on the 
hard-facing material the valve was machined to limits. 

The high manganese steels are invariably hard-faced 
by means of the metallic arc, as, for example, steam- 
shovel bucket teeth, crusher jaws, etc. It should be 
remembered that the coefficient of expansion of this 
material is about 50°, greater than a bard-facing alloy 
of the cobalt-chromium-tungsten type ; another impor- 
tant fact is that when heated to welding temperature and 
subsequently cooled this steel is brittle, but its ductility 
can be restored by quenching the part affected from 
about 900° C. 

Tle photographs in the article are reproduced by 
cou tesy of the Deloro Smelting and Refining Co., Ltd, 


Personal 
Major W. R. Brown, D.S.O., has been appointed a 
director of the Power-Gas Corporation, Ltd., and Mr. 
W. R. Beswick (London Manager), Mr. R. W. Rutherford 
(Technical Sales Manager), and Mr. Charles Robson 
(Secretary) have been appointed directors of Ashmore, 
Benson, Pease and Co., Ltd. 


Lieut.-Col. Sir John Greenly, K.C.M.G., has accepted 
an invitation to become an honorary vice-president of 
the Iron and Steel Institute. Sir John Greenly was until 
recently President of the Institute of Metals. 


The Maudsley Society 


THE Committee of the Maudslay Society inform wu 
that they have decided to post pone the exhibition o 
Maudslay relics, which was announced to be held at the 
Institution of Mechanical Engineers on Saturday, May 6, 
but that the second annual general meeting of the Society 
will be held there on that date, as previously arranged, 
but at 11-30 a.m. 
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Correspondence 


The Future of the Aluminium Industry 


The Editor, METALLURGIA. 
Dear Sir, 

My attention has been drawn to the editorial under the 
above heading, in your March issue, upon which there 
seems to be only two matters calling for special com- 
ment: the implication that the industry is at fault in 
not saying what its prices are going to be after the war, 
and that the industry’s general policy is uncertain. 

Dealing with the latter point first, I find it difficult to 
understand why there should be any doubt that the 
industry’s policy will continue to be expansionist, as it 
has always been in the past. There are some confused 
thinkers who feel that a policy of reasonable price 
stability is, of necessity, restrictive. On the other hand, 
and turning to hard facts, it could hardly be denied 
that an expansion in world aluminium production from 
five thousand tons in 1900 to six hundred thousand tons 
in 1938 indicates a desire for expansion, and the ability 
to achieve it, on the part of those connected with the 
industry. 

Turning to the question of price policy, there is no 
doubt that the reasonable expansion in capacity which 
bas taken place during the war must bring about sub- 
stantial reductions in price, on the basis of pre-war values. 

I fail, however, to understand why this industry 
should be singled out as being able to make an exact 
pronouncement as to what post-war prices will be. We 
can have no more idea than anyone else as to relative 
money valnes and as to the cost of many items outside 
our control, particularly transport, which have con- 
tributed so largely to our increased costs in war-time. 

It is natural that potential users should desire in- 
formation, and is indicative of the great interest which 
will focus on the metal during the post-war years. 
Anyone attempting, however, to state now what the 
price of aluminium will be in the post-war period would 
simply be making a guess. I find it difficult to imagine 
anything calculated to do more harm to the industry 
than to make such a guess in the full knowledge that it 
might have little relationship to ultimate reality.— 
Yours sincerely, 

GEOFFREY CUNLIFFE, 
The British Aluminium Co., Ltd. 

Salisbury House, 

London Wall, E.C. 2, 
March 28, 1944. 


The Editor, METALLURGIA. 
Dear Sir, 

Thanks for the opportunity of seeing Mr. Cunliffe’s 
comments on my notes on the above subject. 

Although I was concerned more with post-war prices 
of aluminium alloy semi-finished products than with the 
prices likely to be quoted within the industry for virgin 
aluminium ingots, the comments under reference are 
certainly of interest. It is instructive, for example, to be 
assured that so far from having no post-war policy, as 
seemed probable from the lack of published advices, the 
British Aluminium Company has, in fact, a fixed policy 
and is determined to wait until a considerable measure 
of stibility is reached some time after the war, before 
declaring what the price of virgin aluminium is likely 
to | 
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Unfortunately for our industry as a whole, but equally 
unfortunately for the British aluminium industry, other 
industrial leaders are formulating plans now for their 
activities in the immediate post-war period. Un- 
doubtedly, their schemes will be subject to some adjust- 
ment and. modification, but at least their attitude is 
more realistic than that of an industry simply declaring 
that its policy is ‘* expansionist.” 

The Americans have recently reduced their price for 
virgin aluminium ingot by 25%, which can be assumed 
from Mr. Cunliff’s comments as being, at least, foolhardy. 
On the other hand, however, it may be indicative of a 
desire to further the use of a metal, the continued con- 
sumption of which, after military aircraft production is 
virtually at an end, is vital to the welfare of several 
thousand employees.—Yours sincerely, 

Your ConTRIBUTOR. 

London, W. 1, 

April 4, 1944. 


Graded Fluorspar 


The Editor, METALLURGIA. 
Dear Sir, ° 

As a consulting mining engineer called upon to direct 
the development and mining of a very large fluorspar 
deposit in County Durham, I was perplexed by the 
chaotic conditions prevailing generally in the production 
of this vital commodity, and, in contrast with the highly 
organised base-metal! industry, the haphazard marketing 
of the product. 

As a start, I endeavoured to ascertain with some degree 
of accuracy the chemical grade and size of fluorite most 
acceptable to the steel industry, but soon found a 
surprising divergence of opinion regarding even the 
principal adulterant of naturally occurring crude fluor- 
spar—namely, silica. I found that the silica content of 
fluorspar as supplied to the steel companies ranged from 
8% to as high as 20%, and that while some firms 
regarded silica as highly deleterious others considered 
the harmful effects were greatly exaggerated. 

I am authoritatively informed that in the United 
States very close attention has been progressively paid 
by the steel industry to this question, and that the 
whole trend is towards the use of beneficiated fluorspar 
containing the lowest possible SiO,. Various flotation 
treatments used necessitates, however, grinding of the 
crude spar to 120-200 mesh, and in order to avoid flue 
losses, the finely powdered concentrate is admixed with 
bonding media and briquetted. 

In Britain similar flotation treatment is employed in 
order to reduce the silica content, but the powdered 
concentrate is used only in the hydrofluoric acid and 
ceramic industries, while a certain amount is used in 
electrolytic smelting of alloys, ete. The so-called 
metallurgical grade,” as sold to open-hearth steel 
producers, consists entirely of crude or jigged fluorspar, 
and, as stated, the silica and other chemical content 
of this material naturally varies greatly. There appears 
to be no ‘standard grade”’ so far as the steel industry is 
concerned, although the acid and ceramic firms insist upon 
a close approximation to their high-grade specifications. 

With full knowledge of the circumstances resulting 
from the enormously increased demand for and the acute 
shortage of fluorspar, I fully appreciate that the steel 
companies have been compelled to accept adulterated 
fluorspar simply because they had no alternative. But I 
ask if this state of affairs will continue indefinitely / 
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Believing that it will not, | devoted my attention to 
the perfecting of processes whereby it is now practicable 
to produce fluorite (of almost any mesh) warranted to 
contain only a stated amount of silica, even as low as 
2°,, free from barium, lead, zine, ete. ; and a company 
is now being formed to operate these processes. ~ 

This guaranteed fluorite is of course eminently suitable 
for electrolytic smelting and ceramic work. The 
questions I wish to have answered are whether or not 
the British open-hearth steel producers are likewise 
interested in the reduction of silica in their supplies ¢ 
To what extent? The cost of crude fluor per ton of 
steel produced is to-day well under 6d. What are they 
prepared to pay in order to obtain supplies of a chemically 
warranted grade’? | have formed the personal opinion 
that no steel company should buy highly siliceous and 
often very impure crude fluorspar if it could obtain a 
guaranteed grade most suitable to its ideal requirements, 
but would like to know whether or not my view is con- 
firmed by the steel firms themselves ‘—Yours faithfully, 

J. NoRMAN WYNNE, 
F.G.S., M.Inst.M.M., M.Can.Inst.M.M., 
M.Chem.M.M. Soe. (S.A.). 
Plas Wynne, ° 
Glyn Ceiriog, Nr. Wrexham, 
North Wales. 
April 7, 1944. 


Furnace Control Operated from Load 
Temperature 


The Editor, METALLURGIA. 
Dear Sir, 

I wish to draw your attention to a mis-statement of 
fact in the article under the above heading by Mr. 
Pamely-Evans, in your February issue. On page 173 
he sets out to prove that ‘the heat loss in flue gases 
can be reduced by nearly 10° by changing from coal 
gas to blast-furnace gas . a drop of 9-3°% in annual 
fuel bill.” 

This statement is fallacious, as it is based on equal 
flue gas volumes and entirely ignores the relative values 
of the heat released in combustion per unit volume of 
flue gases formed. 

Unfortunately, the figures and units employed in the 
article are not clear, and it is not possible to follow the 
working. The accompanying schedule illustrates the 
point. It so happens that the particular coal gas analysis 
taken-from ‘* Technical Data on Fuel ’’ does not show 
the increase of thermal capacity of flue gases claimed by 
the author, but this does not affect the main argument. 
It is, of course, true that for fuels of equal gross calorific 
value, that lower in hydrogen content will give lower 
flue-gas losses 

| would also point out that the statement on the same 
page that ‘ only when the load reaches practically the 
same temperature as the furnace, and black body 
conditions obtain, can 100°, emissivities be counted 
upon, and this is the time when such are least required, 
since the required rate of heat transfer is a minimum,” 
is misleading, since, to prevent local overheating and 
possible overshoot, the temperature of the radiants must 
be reduced as near as possible to the required load 
temperature, this accentuation of reduction of tempera- 
ture difference reduces still further the total rate of 
transfer over the latter part of the heating cycle, and 
any compensating increase of transfer per unit 
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Composition Composition | Mean Sensible | Sensibl 
of 0 Speciti Heat Heat 
Item. Fuel by Products by Heat 32 above above 
Volume, Volume. to 1650°F.; 32° F, 32° F, 
B.Th.U./ | B-Th.U./ |B-Th.U. /enb, it, 
Units, %. %. cub; ft. | cub. ft. of Products | 


per °F, jat 1650°F.) at 


| Coal BELG.) Coal G, 


CO, ll 2 24-6 8-7 0-0326 52°7 12-97 1-6 
H,0 1-3 21-5 0-0252 40-7 0-53 8-8 
N, 60 1 74-1 69-5 | 0-0206 | 33-4 24°75 | 23-3 
B.F.G, cost 
NCV per cub, ft. dry at 32° F.| 98 528 
Cub, ft. produced per cub, ft.) 1-545) 5-617) NoTe.——Thermal capacity can be 
gas. | found by dividing Total Sensible 
Available heat B.Th.U. 63-5 | 94 Heat by Temperature rise, 


cub, ft. products, B.V.G, 2°37, C.G, 2-27, 


Flue Loss (from above)| 38-25 | 36-7 
B.Th.U, per cub, ft. pro- | | 


produced, 
Percentage Flue Loss, % | 60-25 | 39 | 
Percentage Total Heat Uti | 39-75 | 61 


lised. | 


All data taken from “Technical Data on Fuel,” 

All volumes measured at 32° F. and 29-92” He, 
temperature difference will make a great difference to 
the total time to reach temperature.—Yours faithfully, 

E. J. Martin, A.MALM.E., M.Inst.F. 

Templewood Engineering Co., Ltd., 

Slough, 
March 27, 1944. 
The Editor, 
Dear Sir, 

I am indebted to Mr. Martin for his criticism of my 
article on the above subject. In general, I am in agree- 
ment with his remarks regarding thermal capacities of 
flue gases, and fully appreciate his point that volume 
rate as well as thermal capacities enter into factor “* A” 
in the expression— 

Also, the higher flame temperature of coal gas, as 
indicated in Mr. Martin’s figures of 63-5 B.Th.U. per 
cub. ft. flue gas for B.F.G., and 94 B.Th.U. per cub. ft. 
flue gas for coal gas (70-6 and 94-1 respectively in the 
case of gases of analysis as given in my calculations) 
leads to a better performance of that gas. May I express 
my thanks to Mr. Martin for drawing attention to my 
error. 

With regard to Mr. Martin’s second point, I would 
point out that as black-body conditions are approached, 
the emissivities of the surfaces in the furnace tend to 
unity. There is, therefore, an increased rate of heat 
transfer per unit temperature difference between the 
radiating surfaces and the load. This is unfortunate, for 
it is at precisely this stage in the heat-treatment that the 
importance of close control is most apparent. Hence, 
the best condition would be one in which the rate of 
heat transfer per unit temperature differential was 4 
minimum, allowing maximum movement to the control 
gear adjusting the temperature of the radiating surface.— 
Yours truly, 

O. G. PameLy-Evans, 
B.Se., A.R.1.C., Assoc. Inst.Gas E. 

Cardiff, Glam., 

April 6, 1944. 


(Continued on page 325) 
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Further Examples on the Damping 
Capacity of Metals 


By the late W. H. Hatfield, D.Met., F.R.S., L. Rotherham, M.Sc., F.Inst.P., 
and Miss E. M. A. Harvey, M.A., B.Sc. 


(Of Brown-Firth Research Laboratories). 


The main objects of the work described concern the investigation of points 


raised in connection with a previous paper. 


damping capacity of metals from the Brown-Firth 

Research Laboratories, presented before the North- 
East Coast Institution of Engineers and Shipbuilders 
in May, 1942, it was the intention of the authors to 
review very carefully all the points arising from the 
discussion, and to conduct experiments where possible 
to meet the difficulties encountered earlier, and to fill 
any gaps in knowledge which had become apparent. 

In introducing the results of experiments since carried 
out, and described at considerable length in a further 
paper before the same Institution in March this year, 
the authors refer to the most unfortunate check to the 
work proposed by the death of Mr. Stanfield. The loss 
of an experienced and distinguished engineer of the 
quality of Mr. Stanfield at an early stage in the investiga- 
tions, serves to accentuate the loss suffered more recently 
in the death of Dr. Hatfield himself. 

The authors of the present paper state that it will be 
obvious to all who were acquainted with Dr. Hatfield 
that by his death, coming as it did with overwhelming 
suddenness, one of the most forceful and_ brilliant 
metallurgists of his generation has been lost, and this 
paper must suffer from the loss of his guidance at a 
critical time. The work on damping capacity received 
in a very full way the personal direction of Dr. Hatfield 
and, since the writers of the present paper had the 
benefit of day-to-day contact with him, they were able 
to form a reliable picture of the way in which he intended 
the work to be carried out. They have attempted to 
complete the work on the lines laid down by Dr. Hatfield, 
and to prepare the data given in this report. 


Sam the publication of the last paper on the 


Points Arising from Previous Discussion 

As already mentioned, one of the main objects of the 
present work has been to investigate as many as possible 
of the points arising from the discussion of the previous 
paper. The most interesting of these lend themselves 
to arrangement in a series of groups, according to the 
aspect of damping capacity to which they are most 
closely related. These groups are summarised, and some 
indication is given as to the experiments which bear 
on them. 

The first group embraces the factors which influence 
damping capacity. Some features of interest in this 
category which have been investigated in the present 
series of experiments are the effect of the number of 
impulses applied, and the effect of small temperature 


changes such as would be encountered in the normal 
fluctuations of room temperature. Also in this group 
come the influence of external conditions, such as the 
surface finish of the test-piece, and the nature of the 
gas in which the apparatus is enclosed. Further, an 
attempt has been made to correlate damping capacity 
and magnetostriction, with very interesting results. 

All the points of the second group deal with variations 
in the test conditions. Here, no experimental work has 
been carried out in attempts to answer these questions, 
since it was felt that it would at present be more valuable 
to continue with the apparatus in its original form. 
Some adjustment in the initial stress is possible with 
this apparatus, but not to the extent which had been 
suggested in the discussion. For similar reasons, the 
adoption of a mean stress other than zero was not 
practicable. 

The third category deals with long-time testing. Here, 
a number of different experiments have been carried 
out, all of which deal with this aspect of the subject. 
An estimate of the effect of a long period of service on the 
damping capacity of a material was obtained from 
samples of a fan shaft which had been in service for some 
30-40 years at the Clara Vale Colliery, and which was 
supplied by the courtesy of Messrs. C. A. Parsons and Co., 
Ltd. Also, continuous tests, extending up to a week’s 
duration, have been carried out on three steels. 

In the fourth category come the explanation for the 
very marked difference between the two mild steels, 
Nos. 1 and 2 of the previous paper, and the confirmation 
of the considerable rise in the damping capacity of No. 1 
between 20° C. and 40° C. In this group should be classed 
tests carried out to explain the wide variation in the 
results on the stainless irons and stainless steels reported 
in the earlier paper, and tests on a carbon steel which 
had been subjected to various amounts of cold work. 

Further experiments, not bearing directly on any of 
the points which were raised in the discussion, but which 
showed promise of interesting results, have been carried 
out. Among these may be mentioned the tests on casts 
in which the percentage of one element present was 
gradually varied, while keeping the composition of the 
base as constant as possible ; this has been done for a 
series of carbon, chromium and nickel steels. Miscel- 
laneous samples have also been received through the 
courtesy of makers of Meehanite,”’ Stellite,” and 
G.E.C. Heavy Alloy, and the values of damping capacity 
of these materials are given. 
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Forms of Expression of Damping Properties 

The various methods which have been employed for 
expressing the damping characteristics of materials are 
reviewed. Zenert summarised some of the different 
measures of internal friction. From the observations 
of the decay of free vibrations the logarithmic decre- 
ment 8, and the energy (4E) lost per cycle can be 
calculated. This 4E divided by the maximum energy 
(E) of the cycle gives the ‘‘ Specific Damping Capacity ” 
used by Féppl. Another method is to take a vibrating 
sample to which a given amount of energy is supplied, 
at a frequency near the resonance frequency and observe 
the amplitude of the vibration at which the sample 
settles down. This varies with the frequency so that a 
‘‘resonance curve” can be plotted. The range of 
frequencies av on this curve for which the amplitude 
of vibration exceeds half the maximum amplitude corre- 
sponding to the frequency v at resonance, expressed as a 
fraction of this frequency v has been used as a measure 
of the damping. 

In one form of test the vibrating solid is part of the 
mechanism of an electric circuit with an oscillating 
current. The effect of the energy losses can be expressed 
in terms of the effect on the impedance of the circuit 
and a quantity Q is arrived at in these terms and 1/Q 
is employed by Zener as a measure of internal friction. 

Finally, Kimball and Lovell have defined an internal 
friction constant ¢ given by F = £F*m in their notation, 
where F is the frictional loss and Fm the amplitude of 
the stress cycle. 

These various measures of the damping property of 
the material are connected as follows :— 


Damping Capacity = = = = qt 
E Q v 
where g is Young’s Modulus, and the other symbols have 
the meaning given above. 
The different measures of damping have been adopted 
to suit the different methods of measurement. In the 
present paper the simplest method of computing the 


damping was to take the ratio 4 E/E and this is the 
value recorded. 


Apparatus Used in the Present Work 

The apparatus used in the present work is similar to 
that described in the earlier paper, the only difference 
being in the camera ; for thig reason, only the camera 
will be described here. 

This camera is unique, and was designed and built in 
the Laboratory. It is a constant-speed continuous-film 
recording camera, the film being driven by friction 
through electrically driven rubber rollers. It is equipped 
with day-light loading cassettes, and permits the use of 
film varying in width up to 120mm. ; the width of the 
slit is also variable. A two-speed gearbox is fitted so 
that the rate of movement of the film may be adjusted 
to suit the frequency of the vibration under observation. 
This feature gives a camera which has a wide range of 
usefulness, and the authors express their indebtedness to 
Mr. 8. H. Thorpe of these Laboratories for the design 
and construction of the instrument. 

All values of damping capacity recorded are mean 
values from two ‘ests only. Between these two tests, the 


+ Phys, Soc., vol, 52, p. 152. 


t Phys, Ker., 30, pp. 948-959, Dec, 1927, 
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specimen was removed from the machine and rotated 
through 90°. 


Materials Used 
The authors have collected together, in three tables 
details of all the materials used in the tests, including 
composition, heat-treatment, mechanical properties, and 
a single value of damping capacity so that easy com- 
parison of these materials with those recorded in the 
earlier paper is possible. 


Experimental Tests 

A large number of tests are described in sections, each 
designed to determine the effect of a particular factor 
on the value of damping capacity recorded. These 
factors include air resistance, long period of service, 
small temperature changes, the degree of reproducibility 
from the same bar, the degree of reproducibility from 
different casts of the same material, variation of carbon 
content, variation of chromium content, variation of 
nickel content ; a further section deals with miscel- 
laneous tests, most of which bear little relationship to 
one another, while sections deal with tests to determine 
the influence of defects and added sulphur, of cold 
work, and of surface finish; the last section dealing 
with tests on miscellaneous materials, including 
Meehanite, Stellite, and G.E.C. Heavy Alloy. 

The results of tests are discussed and consideration is 
given to probable sources of error in damping capacity 
determinations. The chief points considered were :— 

(a) The inherent error in the machine and in the 
measuring device used. 

(b) The error which might be obtained, due to inserting 
the test-piece in the machine in any of eight 
different possible positions. 

(c) The degree of reproducibility of results from a 
given record when calculated by two different 
operators. 

(d) The reproducibility of results from different test- 
pieces from the same bar of material. 

The methods of calculation used, the authors state, 
were in accordance with standard practice, using the 
‘standard deviation,’ and no actual calculations are, 
therefore, given. 


Conclusions 

From the various tests described, most of which had 
been designed to examine some particular aspect of 
damping capacity, and the results obtained from them, 
which are shown graphically in Figs. 1 to 5, the authors 
formed the following conclusions :— 

Experiments carried out in vacuo and in a 3:1 
hydrogen /air mixture indicated that any contributions 
of air-damping to the values of damping capacity 
recorded may be neglected. 

The effects of long period of service, and of con- 
tinuous testing up to a period of a week, have been 
investigated, no effect outside the limits of experimental 
error have been detected. 

The degree of reproducibility of results from a number 
of samples from the same bar of 0-12°%, carbon steel has 
been found to be very good, while that between different 
casts of the same material has been found to be not so 
marked ; nevertheless, the results were, in each case, 
characteristic of the material. Small variations in 
temperature, of the type encountered in the normal 
fluctuations of room temperature have been found to be 
very important, with 0-12% carbon steel, quite marked 
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with 18/8 stainless steel, and 
unimportant with stainless iron 
and stainless steel (0-20% C, 
13-26% Cr). 

Fairly good correlation has 
been obtained when damping 5 TONS/S 
capacity is plotted against the 
carbon content of carbon steels, 4 TONS/SO. 
the degree of correlation being + 
highest when the samples are 
obtained from approximateiy the 
same size of bar, and are in the 
same heat-treated condition. 


Interesting results were 
obtained from the series of 
chromium steels tested. The 
first four steels of the series 
(2-16%, 5-39%, 8-50%, and 
11-44% chromium) all of which 
exhibited the same type of 
microstructure, showed an _ in- 
crease of damping capacity with 20 30 AFTER 
to 8-5%, chromium, the values Fig. 1.—Damping capacity of 012%, carbon steel. 
for the 8-5% and 11-44% ea. 
chromium steels being identical 
within the limits of error of the experiment. The the values recorded for the stainless irons and stainless 
high values for these last two steels indicate that steels are not anomalous, but are dependent on the 

composition of the material, or on some other factor 

Fig. 2.—Damping capacity of 0.12.% and 1.329, carbon ~— which itself varies with the composition. The relatively 

steels. low values of the high chromium stainless iron and of the 
[(C 0-12, Si 0-24, Mn 0-52, Ni 0-16, Cr 0-18) 
Normalised at 900° 0, 
(C 1-32, Si 0-15, Mn 0-24, Ni 0-26, Cr 0-16) Fig. 3.—Results showing that increasing 
Normalised at 975° C. carbon content caused a rapid decrease in 
damping capacity. 
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Fig. 4. Damping capacity values from tests of six 


steels, in which the chromium content varied from 
2.17°,, to 33.19%. 


21°, and 33°, chromium steels gave further evidence 
of the shape of the curve plotted between damping 
capacity and chromium content. 

A successful attempt was made to correlate damping 
capacity with magnetostriction for the series of iron- 


Fig. 5. 
amounts of nickel in an iron base. 
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Damping capacity of gradually increasing 
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nickel alloys. The curves given in Fig. 7 show 
that, when the sign of the numerical. coefficient of 
magnetostriction is neglected, the shape of the magneto- 
striction curve is followed closely by the damping 
capacity curves. 

The influence of defects on the damping capacity of 
materials has been noted. In both the cases studied. 
the cracked specimens gave higher values of damping 
capacity than those without cracks. The greater 
difference observed with the specimens of 34% nickel 
chromium steel was probably due to the greater number 
of defects present. Magnetic-etching of the defective 
specimens from both the 3}°% nickel-chromium steel bar 
and the 3}% nickel steel forging had indicated that a 
larger number of defects were present in the former than 
in the latter. 

The addition of extra sulphur to an ingot of 34°, 
nickel-chromium-molybdenum steel caused an increase 
in damping capacity. Similar additions of sulphur to 
corrosion-resisting materials caused little change in the 
values of damping capacity recorded. 

The few experiments carried out on 0-13°, carbon 
steel to assess the effects of cold-work show that, with 
this material, the result of cold-work is to decrease the 
damping capacity. This is in line with the results on the 
corrosion-resisting materials from the earlier paper. After 
re-tempering in the laboratory, the values of damping 
capacity of all these materials were increased. 

Tests on a 0°33°%, carbon steel specimen with three 
different. finishes indicated that variations in surface 
finish of this type do not affect the values of damping 
capacity recorded. 

Of the miscellaneous materials tested, the Meehanites 
gave further estimates of the degree of reproducibility 
obtainable both between casts and within a cast. The 
values of damping capacity recorded for this material, 
which is a type of cast-iron, were lower at all stresses 
than the corresponding values for the other cast-irons 
reported in the earlier paper. The other miscellaneous 
materials, the Stellites and G.E.C. Heavy Alloy, may 
perhaps be classed with the sin- 
tered carbides and the 99-25°, 
cobalt on which tests had _pre- 
viously been carried out. 


The results are also noted of a 


T TT 
Th quantitative investigation of the 
degree of reproducibility of results 
+1 in different test conditions, to- 
gether with an estimate of the 
the 


reliability of procedure 


adopted. 


Bessemer Gold Medal 
for 1944. 


The Council of the Iron and 
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Steel Institute have awarded the 


Bessemer Gold Medal for 1944 


447 « 10° 


to Mr. Essington Lewis, C.H., 
Director-General of Munit ions 
and Director-General of Airrcaft 


Production for Australia, formerly 


of the Broken Hill Proprietary 
Co., Ltd., in recognition of his 


outstanding services to the iron 


% NICKEL. 


and steel industry of Australia. 
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Gold and Silver Winning by 


Amalgamation 
By Douglas Rennie Hudson, B.Sc., Ph.D. 


(Lecturer in Metallurgy, Heriot-Watt College, Edinburgh). 


Part II1.—Theoretical 


It is said that amongst them {Caucasians) gold is 
carried down by the mountain streams, and that the 
barbarians obtain it by means of perforated troughs 
and fleecy skins, and that this is the origin of the 
myth of the yolden fleece. 

SrrRaBo (Geography, 11 (2), 19. 
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rovras Se Acyera Kal Karagepew Tous 
xeuappous, rovs BapBdpovs papyas 
Kal uadAwrais dopais: 


ABSTRACT. 


Some previous explanations of the amalgamation process of gold winning are shown to be ill-found 
theoretically. Quantitative determination shows that a mercury layer about 2-2 x 10° em. in thickness 
is enough to impart the typical greasiness and high reflecting power to gold. 

From a review of the mechanism of amalgamation and the constitution diagrams of gold- and silver- 
amalgam, the following explanation is proposed :—In water the native metals in the pulp sink under gravity 
on account of their high densities, 19-3 and 10-5, compared with 2-65 for the quartz gangue. On touching 
the liquid mercury they are held like flies on a fly-paper on account of its high surface tension, intermetallic 
combination plays no part in this. Evaluation of the ratio R = (force for dislodgement/force of gravity) 
Py/Mg for five different shapes idealised from dendrites, filiforms, and the assayer’s meéallics, shows that 
it is little affected by the shape of the particle, but is very sensitive to size, increasing inversely as /.* The 
amalgam finally consists of native metal particles immersed in liquid mercury ; the intermetallic compounds 
Ag,Hg, and AuHg, are slowly formed by diffusion, and may be predominant where the metal grains are 


fine or where contact is prolonged. 


1.—PREVIOUS EXPLANATIONS. 
IN the gota amatza the immense importance 


of the gold amalgamation process—technical, 

economic, sociological—theoretical investigation 
has been scanty, and many explanations are highly 
confused. Schnabel, Handbook of Metallurgy, New York, 
1905, stated that an amalgam with 10°, gold was fluid. 
Actually it will contain 30°%, of Solid AuHg, (according 
to Plaksin’s diagram)! if equilibrium is reached, although 
this is not necessarily the case in mining amalgamation. 
Mellor? (1923) stated: ‘The gold is miscible with 
mercury in all proportions, and small particles of the 
liquid amalgam in the sluices coalesce into - larger 
globules which collect in the inequalities at the bottom.” 
This in spite of the prior observation by Kasanev® in 
1878, that the gold content of mercury expressed from 
the amalgam was only 0-11, 0-126, and 065% at 0°, 
20°, and 100°C. respectively. On the other hand, 
Rose, in 1912, had reported correctly,‘ ** Gold will absorb 
about six times its weight of mercury, forming a silver- 
white solid amalgam containing about 13-5%. of gold 
but in ore treatment time does not admit of the complete 
saturation of the gold with mercury, which slowly 
penetrates into the solid metal by diffusion. The result 
is that the gold amalgam collected in the cleaning up 
in a gold mill consists of little ‘ nuggets ° of gold immersed 
in a bath of mercury by which their outer layers are 
saturated. . . . If the gold is finely divided, the pene- 
tration by mercury is more nearly complete than if the 
particles of gold are comparatively large. Generally 
sp aking, squeezed amalgam resulting from the treatment 
ot sold ores contains from 20 to 50% of gold.” 


1 Plaksin, Ann, Inst. Anal. Phys. Chim., 10, p. 129, 1938. In Russian. 

~ Mellor, Comprehensive Text Book of Chemistry, 3, p. 497, London, 1923, 
Kasanev. Bull. Soc. Chim. [2], 30, p. 20. 

+ Rose. Thorpe’s Dictionary of Applied Chemistry, London, 1912, 


One may recall Pliny’s account that on squeezing 
the solid amalgam in a leather bag, the quicksilver 
exudes like a sweat, per quas sudoris vice defluit, leaving 
the pure gold. This is repeated by Agricola : ‘* Lavatur 
priusquam cum argento vivo permisceatur . . . quae 
delapsa argentum vivum in se trahit atque purgat .. . 
comprimitur, argentum vivum per eam defluit in ollam 
subiectam : aurum in ea remanet purum.” 


Many critics and translators have commented 
adversely on the * error,’ but the author does not feel 
convinced. The industrious Pliny had no first-hand 


knowledge of many of the processes he described—he 
was as careful t6 cite authorities as the writer of a 
scientific memoir to-day ; his credulity, though patent, 
nowhere approached that of Aristotle and the peripatetic 
school. Agricola, however, was not only very careful, 
but a pioneer of personal investigation, and his descrip- 
tion probably comes from observation. Whether or no 
the account was Pliny’s own, the author believes that 
both are substantially accurate, and the explanation of 
the “ pure gold” remaining behind is that only short 
contact times were used with much larger particles of 
gold than those common to-day. 


2.—THICKNESS OF THE MERCURY FILM. 
On amalgamation, the gold surface becomes white, 
highly reflecting like a liquid metal and greasy to touch, 
particles stick together on contact. Only a minute 
amount of mercury is necessary to effect this, a small 
drop will amalgamate a remarkably large area. 
Quantitative Measurement.—Determination by direct 
weighing gave the following results for various metals 
and alloys amalgamated by rubbing. Amalgamation of 
large surfaces with long-continued rubbing might yield 
lower values—i.e., a greater spread might be accom- 
plished—the figures are, therefore, to be regarded as 
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Fig. 1. 


upper limits ; even so, the remarkable thinness of the 
film is evident. 
TALLE I, 


AND ALLOYS OBTAINED 


THICKNESS OF FILM ON VARIOUS METALS 
rEMPERATURE, 


BY RUBBING WIth MERCURY AT ROOM 


Substance, Mass of j Thickness Remarks, 
He/Cm?, of Film, 
Silver, fineness 999-54 3-7 me. 2.7 Half-Hard-rolled 
Gold, tine 2-3 10°* em, — 
Rolled Gold ... O-3 mg, 0-22 x 10-*em, - 
18-ct, Gold alloy 3-7 meg, 2-7 | This was hard-rolled and 


cracked by season cracking 
#1 contact with mercury, 


OF METALS BY MERCURY. 


Mechanism of Amaigamation.—Saini has reviewed the 
thermodynamics of amalgamation. The correct 
explanation of the process seems to be as follows :— 
Neither gold nor silver has any tenacious oxide film 
on its surface, the compounds are unstable at high 
temperatures. Further, both metals are wetted by 
liquid mercury. ** Wetting” seems to be an interface 
phenomenon, and does not depend on solubility of the 
metal in the liquid, nor on the surface tension—e.g., 
platinum is wetted immediately by solder (or tin), but 
not by mercury—gold is wetted by both. The effect is 
therefore mutual and selective. A copper surface wets 
readily, but only after removal of the oxide film which 
electron diffraction shows to exist, friction or scouring 
is therefore recuired ; reduction in heated hydrogen is 
not so effective. The author believes that wetting is 
purely physical, and not dependent on the formation of 
intermetallic compounds at the interface. In the 


WETTING 


Arch, Sci. phys. nat., 16 [v] Suppt., p. 189, 1934, 


Saini. 


Showing distribution of auriferous and argentiferous minerals with dates of exploitation. 
Gold—horizontal shading. Silver—vertical shading. 


ultimate, however, solvation, intermetallic combination, 
and surface adhesion are all dependent on attraction 
between unlike atoms of the metal pairs concerned, 
whether Coulomb forces or van der Waals forces, or 
both, are concerned. A metal like gold or silver, there- 
fore, which forms an intermetallic compound with 
mercury, recognisable as such, might be expected to be 
wetted more readily than one which does not. Plaksin 
and Koshuchova® have shown that even with gold, 
silver, and their alloys, wetting by mercury is pro- 
moted by mechanical polishing or electrolytic reduction ; 
this is due to removal of.the oxide or oxygen film existing 
at room temperature, although electron diffraction 
shows this to be hardly perceptible. To use an old- 
fashioned but still serviceable chemical concept, the 
affinity for oxygen increases in the order—gold, silver, 
copper. The above authors have reported further :— 

1. The value of cos @ is greatest for gold, and least 
for silver, during the first minute of contact. 

2. After 60 mins. maximum values of cos @ were 
obtained with a 98°, gold alloy and negative 
values with 10-55%, Au alloys. 

3. The effect of fouling the mercury by alloying small 
amounts of copper and zine with it was, in general 
erratic. The retarding action was ascribed to 
oxide films at the amalgam surface and was 
diminished in acid solution. 

4. Gold is more easily wetted than silver, and at 
60-90°,, gold there is considerable reluctance to 
wet in silver-gold alloys. 

The final point is of interest in view of the fact that 

natural gold usually contains some alloyed silver. The 


6 Plaksin and Koshuchova, Ann, Sect. Platine, 18, p. 95, 1936, In Russian. 
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alloy, when pale yellow, has been identified with 
Egyptian asem and even with the biblical chashmal, 
rendered ‘Aexrpos, electrum, and amber, in the Greek, 
Vulgate, and Authorised Versions. 
4.—_THE GOLD-MERCURY CONSTITUTION 
DIAGRAM 
In 1921, Braley and Schneider’ suggested that three 
intermetallic species existed, Au,Hg and Au,Hg, melting 
at 490° and about 290° respectively, and AuHg, formed 


A—Plaksin (1938). 


by peritectic reaction at 110°C. Britton and McBain, 
at Bristol,? in an investigation of the mercury-rich 
amalgams, found a flat maximum at 342° C. and 146% 
gold, corresponding to 342° C. This result was obtained 
by direct solubility determination, but using methods 
similar in principle, several American investigators have 
failed to reproduce it. Parravano’s electrical resistance 
method is probably not so accurate, although 
theoretically sound. 

Recent Work.—Plaksin has recently (1938) published 
the results of a very complete investigation at Leningrad, 
using thermal, X-radiological, and microscopical tech- 
nique. He finds good evidence for the following 
peritectics (Fig. 2a) :— 

1. At 420°C. Au —— == 3Au + Hg 
2. At 402°C... Au,Hg == Au,Hg + Hg 
3. At 310°C. Au Hg.== Au,Hg + Hg 
Further, Au Hg, undergoes polymorphic trans- 
formation at 122°, and a change at — 36° is very 
close to the melting point of pure mercury. The 


7 Braley and Schneider. J. Amer. Chem, Soc., 43, p. 740, 1921 
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Fig. 2.—Gold-mercury constitution diagram. 
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gold-rich phase Au,Hg (8) has a range of composition 
of about 6%, that of the others is probably small. 
The solid solubility of mercury in the gold lattice is 
about 17%, and varies little with temperature, in 
good agreement with the X-radiological results of 
Day and Mathewson (Fig. 28).® 

‘Whatever modification may be made to this diagram 
as a result of subsequent work, it is clear that its 
similarity to that for silver amalgams is very close. 


Fempereture in Degrees 


B—Day and Mathewson (1938). 


Metastability in silver amalgams is proverbial, as all 
investigators have emphasised, and silver resembles gold 
very closely in physical properties, atomic structure and 
dimensions ; asimilarreluctance to reach equilibrium in the 
gold-mercury system would therefore cause no surprise. 


5.—REACTIONS IN THE AMALGAMS. 

If equilibrium were attained in amalgamation mining, 
the succession of phases would be that cut by the 
isotherm on the diagram. In actual experience the 
result is very different. With silver and mercury two 
quite opposite results can be obtained, according to the 
conditions imposed :— 

1. When fine silver filings are triturated with mercury, 
conversion to the mercury-rich, phase Ag,Hg, is complete 
in less than a minute. In dentistry, a very similar 
reaction occurs with Ag,Sn :— 

Ag,Sn + Hg > Ag,Hg, + Sn(Hg) . 


solid liquid solid solid solution 


. (Troiano)*° 


8 Britton and McBain, J. Amer. Chem. Soc., 48, p. 593, 1926. 
9 Day and Mathewson, Amer. Inst, Min, Metl. Eng. Tech, Pubin. 884, 1938, 
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2. When lump silver is immersed in mercury, the 
proportion of compound formed is so small that it can 
be neglected in determination of solubility; thus we 
may regard the solid silver-rich solution as in virtual 
equilibrium with the mercury-rich liquid solution ; this 
holds up to 450° C, at least. That a substrate of compound 
does exist follows from De Right’s demonstration that 
the same solubility of silver in liquid mercury is obtained 
by analysis, no matter whether silver or the compound 
Ag,Hg, is used as starting material. In the absence of 
friction, however, the thin film of compound rapidly 
chokes the reaction. 

The other intermetallic compound AgHg (or Ag;Hg,) 
containing about 40%, silver, is not easily obtained by 
reaction between the metals. 

In mining amalgamation, Case 1 corresponds to 
addition of quicksilver to the mortar box. Case 2 
corresponds to addition of quicksilver to washery flumes, 
expecially when the placer gold is coarse—gravel or 
nuggets. Table amalgamation lies somewhere between 
these extremes, with a bias towards 1 when the rock 
has been stamped fine, and there is much agitation of 
the pulp. 

6. GOLD WASHING. 

Separation of the native metals from a siliceous gangue 
depends chiefly, if not entirely, on the difference in the 
respective densities. The densities of gold and silver 
(19-3 and 10-5 respectively) are far greater than that of 
quartz (2-65) and when these substances are suspended 
in water, the ratio of “ effective” densities will be 
(19-3 — 1) (2-65 1) = 12 approx for gold; and 
(10-5 1) (2°65 1) 6 approx. for silver. 

Although settling of the particles under agitation will 
not he given exactly by Stokes’ law- 


7] k ( 4 solid liquid) v 


a similar relation might be expected to hold. 

Since the viscosity » of the medium (water) is constant, 
the terminal velocities ¢ of equal-sized particles of 
gangue and metal would then be proportional or approxi- 
mately proportional to the ** effective ” densities. 

Such a conclusion would be completely vitiated if 
there were any selective wetting of the metal particles, 
ris-d-vis the gangue, like that deliberately induced by 
addition of the complex soap in separation by flotation, 
but there is no reason to suppose that any such effect 
exists. 


The ability of water to transport miverals is approximately proportional to the 
sixth power of its velocity, : 


7. RECOVERY OF THE AMALGAM 
CONSTITUENTS. 

Dissociation on Heating.—The plastic amalgam is 
squeezed in wash-leather or canvas, leaving the native 
metal and the dendrites of intermetallic compound 
almost pure. As may be seen from the diagrams, both 
AuHg, and Ag,Hg, undergo peritectic transformations, 
forming eventually a solid solution in equilibrium with 
a mercury-rich liquid solution. Since the (mercury) 
vapour pressure of the latter is high, the amalgams are 
easily split into a quicksilver distillate and precious 
metal residue (ig. 2). 

On rubbing gold with a little mercury, a dull lustre 
and white colous is first observed ; with more mercury 
the surface becomes greasy and reflectivity increases, 


Troiano, J, Just. Met., 6, p. 247, 1958, 
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When this is warmed the bright lustre again becomes 
dulled as though the liquid mercury were reacting wit} 
the gold. On further heating, the dulled surface becomes 
cream coloured, and eventually the yellow colour of gold 
is restored with the complete volatilisation of the 
mercury. 


8.._SUGGESTED MECHANISM OF THE 
AMALGAMATION PROCESS. 

The function of the amalgamation process is some- 
what as follows: The particle touches the liquid quick- 
silver and is wetted by it. The force exerted by surface 
tension is then so much greater than the weight of the 
particle that removal is very difficult. In action, 
therefore, the amalgamation table resembles nothing so 
much as a gigantic fly-paper, with gold particles for flies. 
Despite the fantastic explanations which have been 
published in the meantime, Pliny had come very near 
the truth in a.p.77. ‘* All substances float on the 
surface of quicksilver with the exception of gold, this 
being the only substance it attracts. This is why it is 
such an excellent refiner of gold; since, on being 
agitated briskly with gold in a clay pot, it rejects all 
the impurities that are mixed with it.” 


Fig. 3._-Native gold and silver, showing well-formed 
crystal development. 
Centre—Dentritic native silver lent by Acting Prof. James Sandilands, Heriot- 
Watt College, Edinburgh. 
Flanks—-Native gola from rich Rhodesian ore with quartz gangue, lent by 
Mr. Balsillic, Keeper of Mineralogy, Royal Scottish Museum, Edinburgh, 


Effect of Size and Shape 

The ratio (force for dislodgement, gravity) obviously 
depends on (a) size, (b) shape of the gold particles. 

(a) Size.—Despite careful search, the author has found 
only one set of data. Edman," in a particle of auriferous 
quartz yin. in size, counted over 300 gold particles, 
varying from reve to rade in., under a x 50 magnification. 
Under higher power more particles were visible. As 
is clear from Table II, this ratio increases rapidly with 
decreasing size, but the amalgamation process does not 
necessarily become more efficient, since there is difficulty 
in bringing the finer particles into contact with the 
mercury.'® This is well known in gold-mining. 

(b) Shape.—aAs is well known, gold and silver erystallise 
in the close-packed cubic lattice, but the existence of 
well-formed natural crystals is a great rarity. Dendritic 
and arborescent forms predominate, especially in the 
larger growths (see Fig. 3). For calculation, we idealise 


11 Mellor, Comprehensive Text Book of Chemistry, 3, p. 498, London, 1923. 
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these to a St. George’s Cross. 
In stamping, the smaller 
particles will be pounded 
flat—the assayer’s metallics— 
we assume these to be | 
circles or ellipses, and base 
our computation on_ these 
idealised forms, the ratios 


b 


1. Rods of square cross-section : 


altering the 


te 


4. Cireles: thickness = d/100, 


. Ellipses : 
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These shapes are an approximation to the fundamental dendritic structure : 
angle of intersection or by adding similar elements to the structure—i.e., 


3. Rods of cylindrical cross section : 


: thickness = d/100, lesser axis = 
4 and 5 corre naa to the assayer’s mefallics, formed in stamping of the metal particles, 
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TABLE IL 


Ratio R = (force to dislodge metal particle from amalgem /weight of particle) is calculated for the following shapes ;— 


h=1/10, 


2. St. George’s Cross, formed by two of the former intersecting at right-angles at their centres, 


the value of R will not be much affected 
“lengthening the chain,” 
d = 1/10, simulating filiform metals, 


@/2. 


will not differ greatly for the 


Py 
P : 2s | Mass Av (gm.). Ratio R = 
actual shapes. Shape. Periphery P| Force Py Volume v — Ma _ 
From Table II it is clear ccm.) | (Dynes.) (cm. 
| Gold, Silver. Gold, Silver. 
that the effect of particle 
form is small compared with 1. Rectangulare— 0-01”. 
that of particle size. is 1072 0-193 lo-105 3-7 10. 
aken ¢ 7 es O-Lem 107-2 0193 | -O105 5-7 x 108 | 10- x 10 
the contact angle 1s assumed 0-001 em. 1-072 | -O0001 “000193 | *000105 5-7 10-4 
9. RECENT 0-1 em, “4 188 “O19 x 107% 3667 ~ 107%) -1995 x 107% 5-2 10? | 9-6 x 108 
DEVELOPMENTS. 0-Olem, 18-8 x +3667 -1995 « 5-2 x 104 | 9-6 
0-00L em, oo4 1-88 +3667 10-*) +1995 5-2 9-6 10° 
3. Cylindrical— 3/400 
intime a0 lem, 2-3 1034 6-007 854 O-1516 O-OR825 7-0 12-8 
the gold particles and 0-OLem, 022 10-34 | -O07854 x 10-4 +1516 x 10-8) -0825 x 10-* 7-0 x 108 | 12-8 x 108 
can be extracted, even “ireular— wd 
“free” and ‘floating’ d@=1cm. 3-142 1477 0-007854 0-1516 90-0825 18-2 
“old Th ich amal 0-Lem, 3142 007854 x 1073) +1516 x 107-3) -O825 x 1073 10-0 x 18-2 
gold. e rich amalgam 0-OLem., 03142 | 14-77 | 007854 x 10-® -1516 x 10-8) -O825 10-® 10-0 x 104] 18-2 
falls to the bottom of the 0-001 cm. | -1816 x x 10°% 10-0 x 18-3 
vat : the process works 5. Elliptical 
better with dry ore, but I 2 
can be used also with pulp. 0-0758 lo-o412 14-9 7 
co 1 O-lLem, 10-3) -0O758 10-3) -O412 lon?) 14-9 10? | 27-4 10? 
It is right to record that -0758 x 10-*| -O412 10-4 14-9 x 97-4 x 108 
table amalgamation, as 0-001 em, x 10-%) x 10-% x 10-% 14-9 x 10%) 27-4 x 


described in textbooks, is ob-_ 
solescent—** The possibilities 

of loss by theft, the increasing cases of mercurial poison- 
ing of the workmen, and the lock-up of gold on the 
plates, led to the substitution of corduroy . . . placed on 
stationary tables.” The pyritic concentrate obtained by 
washing this corduroy at four-hour intervals is dressed 
on a reciprocating (W ilfley) table, and the gold-rich 
fraction is amalgamated. *‘* About 50°, of the total 
gold content of the ore, plus 5,000 oz. of osmiridium, are 
recovered annually on the Rand from corduroy con- 
centrate.” After passing the corduroy tables, the gold 
ore is cyanided. Nearly 13 million ounces of fine vold 
was produced in South Africa in 1939, about 14 million 
in 1940.23 

The residue of gold in the ore is, of course, in the form 
of finer particles which do not amalgamate so readily, 
but are particularly suitable for the cyanide treatment 
by which they are recovered. 

In parts of U.S.A., too, a coarse canvas floor, which 
entraps the larger particles of gold, has replaced the 
amalgamation table; and it is not unknown for the 
prospector to use, quite successfully, his coarse woollen 
blanket to assess the potentialities of a placer. Here 
the wheel has come a full circle, and we are returned 
almost to the exploits of those Caucasians, who, accord- 
ing to Strabo, gave rise to the myth of Jason’ s expedition 
with his Argonauts to capture the golden fleece of, 
Colchis, . and there is no new “thing under the 
sun. —KEcclesiastes. 


lz Phily. Kev. UInd. Min., 388, p. 102, 


1937. 


13 Uffeial Year Book of the Union of South Africa, 1940, 


(Grateful acknowledgement is made of the ungrudged 
assistance rendered by Miss C. A. Ewing, M.A., Librarian 
to the College, during preparation of Pt. I. of this 


paper.) 


Re-Rolled Rail Steel Production in the 
United States 


Propvuction of re-rolled rail steel has been increased 
more than 80%, according to Mr. John T. Whiting, 

‘director of the steel division of the United States 
Production Board, as a result of a carefully planned 
programme begun early in 1943. Twenty-two rail steel 
mills in the country produce steel bars and small shapes 
by re-rolling used railroad rails. Five of them are 
operated by large companies with integrated steel plants, 
the remainder by small firms specialising in this type of 
production. Late in 1942, as a result of various limita- 
tion and priority orders, many of these mills were ready 
to close for lack of business. 

Regulations were issued permitting the use of re-rolled 
rail steel where other steel was prohibited, as, for instance, 
for such important products as farm fence-posts and 
military steel cots. Steps were taken to promote 
greater use of rail steel for concrete reinforcing bars, 
army entanglement posts, farm implements, small tools, 
etc. This programme resulted in a steady increase in 
the output of rail steel mills, shipments in January, 
1944, totalling 43,019 tons, compared with 23,716 tons 
in January, 1943. 
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Recent Developments in Steelmaking 
By J. Edmiston 


While considerable attention has been given to the whole field of alloy steel consumption 
and to schedule the various compositions and properties which apply to different uses, 
steelmakers have concentrated on maximum production of improved quality steel. The 
author reviews some aspects of production and directs particular attention to the increased 
application of electric furnaces and to improvements in the production of clean steel. 


of the Services and the need for conserving 
strategic materials have presented the steel 
industry, both here and in the U.S.A., with many 
problems which demanded a combination of engineering 
and metallurgical skill to solve. Perhaps the most out- 
standing development is the great extension in the 
manufacture of electric steel, an increase which has by 
no means reached finality, but which at the moment 
seems to be below the demand. Both in this country 
and in the United States, strenuous efforts have been 
made, and are being made, to obtain the maximum 
return from all the plants in production. This is true 
of the large open-hearth installations as well as the 
purely electric units. 
ast achievement in this direction had taken two 
distinct methods of approach. One was to concentrate 
the demand, as far as possible, for all high-grade ordnance 
steels and similar materials on the electric plants, leaving 
the commoner types to the open-hearth units. The other 
approach was to extend the use of the electric furnace 
as a refiner of liquid steel produced from rapidly working 
melting units or Bessemer vessels. Both these methods, 
under suitable conditions, have shown very great 
advantages in respect of quality, tonnage and cost, and 
it is likely that the lessons of the war, learnt at great 
cost, will be applied to meeting the post-war demand 
for high-grade steels that is sure to arise. 


Sic‘ the war began, the ever-changing demands 


Electric Furnaces 

The most outstanding development of the electric 
furnace itself is the steady growth in capacity, some of 
the latest units to be installed in the United States 
being of 100 tons. Units of 60-80 tons are relatively 
common. Such furnaces, it has been amply demon- 
strated already, make but a poor showing in comparison 
with the equivalent open-hearth from a melting rate and 
cost point of view, and hence are not favoured as primary 
producers. Their advantage, however, far outweighing 
any other consideration, lies in their ability to do what 
the open hearth cannot possibly do, carry the refining 
and deoxidation of the melted metal to a point far 
beyond anything possible in any other type of furnace. 
In this respect, they have no competitors. Their chief 
application is therefore in the refining of steel produced 
by other less costly melting methods, thus attempting 
to obtain both high quality and tonnage, ideas which 
have hitherto been somewhat opposed. 


Two-Furnace Process 
Arranging a large modern steelworks for production 
on these lines calls for considerable ingenuity, if all 


departments are to be effectively interlocked. First 
consideration must be given to the means whereby 
rolling mills and forges may be supplied with a regular 
flow of ingots so that stand-by losses will be avoided 
as far as possible. One large plant uses a basic-lined 
200-ton tilting furnace to feed an 80-ton electric refining 
furnace, also basic lined. Preliminary melting is accom- 
plished in the large furnace and 80-ton charges are drawn 
off by the electric furnace as required. The large furnace 
is thus little more than an active mixer, and serves only 
to decarburise and dephosphorise the steel. The tilting 
arrangement of the large furnace allows any quantity 
of liquid metal to be drawn as and when desired, and as 
each charge is drawn off, an equivalent amount of pig 
iron and scrap are added, with, of course, regular 
renewals and adjustment of the slag. The metal in the 
mixer is thus always maintained low in carbon and 
phosphorus, and forms an ideal basis for building up 
high-grade alloy melts in the electric furnace. Such a 
plant has the advantage that it can readily dea! with the 
varied and often nondescript class of scrap which is 
comparatively easily obtained. 

The transfer of the liquid metal from the mixer to the 
electric furnace is accomplished by a standard type of 
ladle, the metal being run into the electric hearth 
through a bottom runner to avoid carry over of mixer 
slag. It is necessary to keep the slag from the mixer 
out of the electric furnace, since it is rich in phosphorus, 
which under the conditions of electric refining would 
return to the metal. The mixer melt, of course, is always 
highly oxidised and may even be * wild,” so that some 
preliminary ‘killing ” with silicon, partly in the ladle 
and partly in the electric furnace, is first accomplished. 
When this has been satisfactorily completed, it is safe 
then to build up a highly basic carbide slag for deoxida- 
tion and elimination of sulphur. Alloying elements, 
such as nickel, molybdenum and copper, are added early 
in the heat, since they remain in the steel under all 
conditions of melting. Chromium and manganese and 
similar readily oxidised elements are only added after 
deoxidation is well advanced. There is thus no loss of 
these latter elements. Final elimination of gas dissolved 
in the steel, as a result of varicus chemical reactions 
during deoxidation, is completed by means of ferro- 
silicon added late in the process, leaving only the 
carbon to be adjusted to specification. ; 

From an electrical point of view, a large electric 
furnace working regularly with liquid metal, is a com- 
paratively steady load which can be supplied cheaper 
than an equivalent furnace melting cold scrap. Few 
power companies would look with unconcern on any 
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proposal to work such large furnaces with cold scrap 
since the fluctuation in power during the melting period 
is always violent and often enormous. Great surges of 
the order of many thousands of amperes in the supply 
lines could hardly be tolerated. Even if the plant were 
sanctioned, the cost of current per unit would be certain 
to carry such heavy penalties as to be uneconomic. 
Once a liquid bath is obtained, however, the picture is 
reversed, and the electric furnace works as regularly as 
any other large equipment. From this point of view 
alone, the advantage of the two-furnace equipment is 
evident. Thus, using the hot-metai process, considerable 
economy can be realised in electrical plant, since power 
demand is only of the order of 150 kwa. per ton, 
the time for refining a large ‘charge being about 
4} hours. ; 

In spite of the many advantages of the two-furnace 
process outlined above, it is unable to deal economically 
with every type of steel scrap. If the scrap is known to 
be highly alloyed with chromium and manganese, the 
greater part of these elements would be lost to the 
mixer slag and would require replacement with valuable 
ferro-alloys. For this reason, it has been found more 
expedient to melt selected scrap of this kind in much 
smaller electric units with a proportion of dead soft 
mild steel scrap to lower the carbon content of the melt, 
to allow of deoxidation and subsequent adjustment. 
This, of course, amounts to regular ** dead-melting ”’ 
practice, and is largely followed in the recovery of stain- 
less and high-alloy tool steel scrap. 

Electrical considerations, as previously indicated, 
limit the furnace size, which is able to deal with such 
special types of scrap, cold-melting reaching its economic 
limit under present conditions at about 30 tons. Since 
all the melting is conducted in the electric furnace as 
well as the refining, the kilowatt-hour demand is of 
course much heavier, and consequently costs tend to 
increase rapidly with tonnage. In spite of this, however, 
this procedure is widely favoured in the recovery of the 
more valuable type of scrap. 

In all the processes involving the use of the electric 
furnace, apart from the efficient recovery of valuable 
alloys, improvement of quality is the main motive for 
installing the plant. This process offers the possibility 
of working up ordinary “rolling grades ”’ of steel into 
first-class forging quality ingots. This statement must 
not be accepted without certain reservations. It is, for 
example, manifestly absurd to attempt to make highly 
alloyed ingots which will show serious defects on subse- 
quent forging or rolling, and yet such a result is entirely 
possible if due attention has not been paid to the pre- 
liminary working as well as the finishing of the charge. 
The electric furnace is not a * cure-all”’ which will 
somehow put everything right. This, fortunately, is 
becoming much more widely recognised in the industry 
than hitherto, and as a result, close attention is being 
given to the whole problem of deoxidation. 


Open-Hearth or Mixing Furnace 


Within the limits of tonnage requirements, the method 
of working the large mixer from the point of view of 
oxidetion largely determines the final condition of the 
ingot from the point of view of cleanness. Obviously, a 
“will” heat from the mixer means more work for the 
electric furnace to do, and, further, lessens the chance 
of o»taining a high quality product. Consequently, 
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although the mixer metal is in the nature of scrap for 
another furnace, the present tendency is to handle the 
working of this bath as carefully at least as an ordinary 
basic melt intended for rolling. Slag control is largely 
practised, while feeding with ore or scale is restrained 
to suit carbon requirements. As a result of improved 
control, this metal seldom, if ever, shows any tendency 
to wildness, and is thus an excellent starting material 
for subsequent refining. 


Bessemer Mixer 


Another development, which is really a variation on 
the mixer process for ensuring a flow of hot metal to the 
electric furnace, utilises Bessemer converters, basic lined, 
working on suitable liquid iron from the blast furnace. 
Since this is an all-hot-metal process, some reduction in 
costs could be anticipated. In practice, however, these 
are not so substantial as might be imagined, since they 
are to some extent offset by the fact that it is by no 
means easy to synchronise the blast furnace, converters, 
and electric plant, so that there is no lost time. At the 
same time, the Bessemer melt has always a tendency 
to be wild on casting, with the result that the steel, 
even after treatment in the electric furnace, is more 
likely to be rather less clean than is desirable in this 
class of ingot. 

The electrical costs in the Bessemerising process are 
not any less than in the two-furnace method, while other 
fuel costs may be at least as great, since it is the usual 
practice to maintain a ‘‘ tank’ furnace of 400 tons to 
500 tons capacity as a primary receiver for the molten 
iron from the blast furnaces. This is fired with gas to 
maintain the temperature of the iron, and also to 
accomplish a certain small amount of refining. 

About the only justification for processing steel in 
this manner would be the prior existence of blast-furnace 
and Bessemer plant already working in a large steel 
mill, where the hot iron, under favourable conditions, 
might be cheap enough to be economic. In the majority 
of steel plants, especially those on this side of the Atlantic, 
the direct processing of iron in this manner would most 
probably prove disappointing. 


Metallurgical Aspects 


Since the ultimate end of all these steelmaking practices 
is to produce high-grade steels in unusually large 
quantities, it will be instructive to examine the metal- 
lurgical foundation on which they rest. It is compara- 
tively easy to arrange the production of large quantities 
of soft low-carbon steel from basic furnaces. The rate 
of refining and the final carbon content at which the 
metal is tapped, however, decide just how much ferrous 
oxide is dissolved in the metal. High rates of elimination 
near the end of the refining stage, especially if associated 
with low manganese content, are certain to produce 
‘‘ wild ’’ metal. Active heats of this description can of 
course be quietened with silicon and aluminium, but it is 
virtually impossible to clarify such steel of the finely 
divided silicates and alumina by any after-treatment, no 
matter how lengthy. These inclusions are so small they 
refuse to rise to the top of the liquid and remain per- 
manently dispersed in the steel. The presence of such 
inclusions has a profound effect on the mechanical 
properties of the cast, imparting pronounced directional 
properties to the rolled or forged ingots. While such 
ingots may be mechanically satisfactory in a longitudinal 
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direction, they usually fail completely in the transverse 
direction. High quality ingots are often forged into 
products requiring primarily high transverse strength, 
so that failure in this respect may prove costly. The 
remedy is, of course, to strike a balance between over- 
oxidation and rapid succession of heats on the one hand, 
and more careful working with a necessary lowering of 
output on the other. Past experience has amply proved 
that the latter course is really the more productive in the 
aggregate, taking into account the number of scrapped 
ingots at a later (and more expensive) stage of the 
process, 
Clean Steel 

When the liquid steel from the open-hearth furnace 
has been transferred to the electric unit, it becomes 
the business of the furnaceman to undo all the harm 
done by his counterpart on the open-hearth stage. The 
suecess of the cast, both in regard to cleanness and 
composition rests entirely on his labours. The function 
of the electric furnace is to deoxidise the steel by means 
of a carbonaceous slag. Some of this carbon is in the 
form of calcium carbide. Under these conditions the 
ferrous oxide is readily reduced, and the product of this 
reaction leaves the metal as a gas, carbon monoxide. 
Because of the tendency of the electric bath to be hotter 
under the ares than at the bottom, the deoxidised steel 
immediately under the slag will naturally tend to stay 
there. It thus becomes the head melter’s duty to ensure 
that the whole mass of metal in the furnace comes 
adequately under the influence of the carbide slag. As 
may be imagined, this is no light task in a 100-ton bath. 
Consequently, deoxidation is necessarily slow. It is, 
nevertheless, the only way to produce clean steel. 


United States Bauxite in 1943 


Bauxite mine production and mine shipments in the 
United States in 1943 were more than double the previous 
records of 1942 and were almost seven times the 1941 
totals. Qutput in 1943 was estimated at 7,026,040 
short tons (dried bauxite equivalent), compared with 
2,966,221 tons in 1942, while mine shipments were 
estimated at 6,752,250 tons in 1943, compared with 
2,768,343 tons in 1942. Although data on imports of 
foreign ore are not available, a substantial addition to 
the total supply resulted from imports which reached a 
new all-time record, more than 60°, greater than in 
1942. United States production and imports in 1944 
are expected to be considerably less than in 1943, owing 
to the recent cut in alumina and aluminium production 
announced by the War Production Board and to the 
large stocks of bauxite held by the Metals Reserve Co. 
and private industry. 

Of the estimated 1943 production, Arkansas con- 
tributed 97°, and Alabama, Georgia and Virginia the 
remaining 3°,. Throughout 1943 bauxite containing 
less than 15°, silica was under allocation by W.P.B., 
while ore averaging more than 15°, silica was not 
restricted as to use. Production of low-silica bauxite 
(containing less than 8°, SiO,), which was limited to the 
most essential uses, totalled 2,329,600 tons, while out- 
put of high-silica restricted (8 to 15°, SiO,) and un- 
restricted ore totalled 4,228,000 tons, and 468,440 tons 
respectively. 
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By proper deoxidation under a carbide slag, ii is 
possible to deoxidise regularly to very low limits, 
0-002, FeO having been achieved in commercial 
practice. Such quantities of oxide can only produce 
negligible amounts of inclusions. Such inclusions as 
appear in ingots made in this manner, are mechanical 
in origin—e.g., pieces of refractory from ladle, runners 
and nozzles—and are usually large in size and obviously 
accidental. In the larger ingots they will most fre- 
quently be found in the sink head. In small ingots 
there is a chance of gross inclusions being trapped in 
the comparatively rapidly freezing metal. The steps 
which are taken to obviate this ever-present danger are 
simple. The large steelworks concentrating on this class 
of output have a casting-pit technique which, in essence, 
is scrupulous cleanliness. Moulds are cleaned and 
fettled with a good deal more than ordinary care. All 
refractories and similar types of stocks are purchased 
to close specifications and constantly checked. Finally, 
when the moulds are set in the pit, they are kept covered 
until just prior to use. In some cases the atmosphere 
is excluded during teeming by means of a blanket of 
nitrogen gas injected into the mould. To the ordinary 
steel producer, some of these precautions may seem a 
little far-fetched, but the fact remains that they have 
been found essential in the production of the best 
quality steel. Looked at from a business point of view, 
the little extra labour involved is really an excellent 
insurance against a valuable forging being scrapped when 
it reaches the stage of machining. Quite apart from the 
monetary loss, which may be considerable, the loss in 
terms of man-hours at the present time may be even 
more serious. 


Consumption of bauxite by the various industries 
broke all records in 1943, exceeding that in 1942 by 89°, 
and is estimated to have totalled 5,340,000 tons, com- 
pared with 2,820,525 tons in 1942. The amount used 
in the alumina industry was 4,771,000 tons or 89.3%, 
of the total; abrasive and refractory industries, 
347,000 tons or 6-5°%, ; chemical industry, 179,900 tons 
or 3-4°, : and other industries 42,100 tons or 0-8°,. 

Stocks of bauxite owned by the Metal Reserve Co. and 
by private industry increased from 1,759,597 tons on 
December 31, 1942, to an estimated 4,928,000 tons on 
December 31, 1943, a gain of 180%. At the 
November, 1943, rate of consumption stocks of ore at 
mines, processing plants, consuming plants and Govern- 
ment stock depots on December 31, 1943, were equivalent 
to more than nine months’ supply. At the reduced 
consumption rate expected during 1944 these stocks 
probably represent at least one year’s supply. 


The Royal Aeronautical Society 


Tue following is a list of the Council of the above 
Society for 1944-45: Mr. E. J. N. Archbold, Air- 
Commodore F. R. Banks, Mr. A. C. Brown, Mr. 8S. Camm, 
Mr. W. C. Devereux, Mr. G. H. Dowty, Mr. A. G. Elliott, 
Mr. 8. H. Evans, Major F. B. Halford, Major R. H. 
Mayo, Mr. N. 8. Muir, Mr. R. K. Pierson, Mr. G. E. 
Petty, Mr. N. E. Rowe, Mr. A. E. Russell, Sir Francis 
Shelmerdine, Major B. W. Shilson, Sir Oliver Simmonds, 
Mr. R. 8. Stafford, and Mr. C. C. Walker. 
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Thermocouple Method for the Measurement 


of Liquid Steel Casting-Stream ‘Temperatures 
By D. A. Oliver, M.Sc., F.Inst.P., and T: Land, M.A. 


(Research Department, Messrs. William Jessop & Sons, Lid., Sheffield.) 


A new method of measuring the true temperature of liquid steel in the casting stream is 
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described in a recent paper,* which is reproduced in the present article. 


of the method is illustrated by two investigations, the results of which showed gratifying 
consistency and the procedures proved simple and reliable. 


of ingots and foundry castings is widely recog- 

nised, and in many steelworks and foundries 
routine observations on the casting stream are made 
with optical pyrometers. Such measurements are made 
for record purposes rather than for temperature control, 
so that the repetition of unsuitable temperature con- 
ditions may be avoided. 

The optical pyrometer has given good service in the 
foundry with which the authors are particularly con- 
cerned, but its accuracy is severely limited. The 
temperature measured with an optical pyrometer is not 
the true temperature of the metal, and a correction of 
about 130° C. is usually added to the pyrometer reading. 
The reading obtained depends not only on the tempera- 
ture of the metal, but also on such factors as the steel 
composition, the degree of oxidation of the surface and 
the smoke which may be present between the metal 
stream and the observer. It is clearly desirable to devise 
amore accurate method of measurement, either to super- 
sede the optical pyrometer or at least to give under 
experimental conditions more exact information about 
the correction to be applied to optical-pyrometer read- 
ings in different circumstances. 

When the metal is poured over the lip of a ladle, 
the normal quick-immersion technique using a platinum 
thermocouple is quite satisfactory, and accurate tempera- 
ture measurements can readily be made. When the 
metal is bottom-poured, however, the velocity of the 
moving stream is such that any tube put into the 
stream merely splays metal in all directions. It is 
clearly necessary to measure the temperature at some 
point where the metal flow is unimpeded and is con- 
stricted by a short tubular ring. The present paper 
describes the development of a method based on this 
principle. 


Early Attempts to Measure Casting-Stream 
Temperatures 

The first ‘‘ temperature ring” was made of arc- 
furnace electrode graphite, and the details are shown 
in section in Fig. 1. The thermocouple was protected 
by a siliea tube, which projected about 1 in. from the 
aiaphite in the narrow part of the funnel. The graphite 
ting was mounted in a stout steel frame, so that it 
‘could he placed on a casting-box over an ingot for the 
teliminary experiments. The greater part of the ingot 
Was cast straight through the casting-box, without 
jassiny through the graphite funnel ; when the metal 


Te influence of casting temperature on the quality 


_ * Paper No, 5/1943, of the Steel Castings Research Committee, submitted 
‘y the loundry Steel Temperature Sub-Committee and published by the 
Iron and Steel Institute, March, 1944, (Advance copy.) 
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Fig. 1.—-Section of graph- 


ite funnel with thermo- 
couple in position. 
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The application 


in the ingot reached the ingot 
head, the ladle was moved across 
and the remainder of the steel 
was cast through the ‘ temper- 
ature ring.”’ The thermocouple 
was connected to a Tinsley 
high-speed amplifier and recor- 
der, and the record obtained is 
shown in Fig. 2, which also 
records the previous dip in the 
furnace and (unsuccessfully) in 
the launder. 

The results were most encour- 
aging, although several possible 


1700 1600 1400 
> 
Sl Casting Stream 
(Last ingot) 
1550° C. 
(2821° F.) 
= 
1700 1600 1500 4400 
Launder 
In Furnace 
before tapping 
1597° C. 
(2908° F.) 


Fig. 2.—Tracing a first record of true casting-stream 
temperature. 


improvements were apparent. The silica sheath survived 
intact, although it was somewhat bent, and the thermo- 
was undamaged. 


couple 
considerably eroded by 


alternative material seemed to be indicated. 
As a result of the first experiment a new assembly 
It consisted of a “trumpet top” attached 


was tried. 
to a 2in. ladle nozzle. 


into a sand mould in place of the usual runner-box. 


The graphite ring was 
the flowing metal, and some 


This combination was built 
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The nozzle was drilled with a } in. hole at an angle of 
about 35° to the horizontal, and a silica tube containing 
the thermocouple wires was introduced through the hole, 
protruding } in. into the casting stream. When the steel 
was cast the silica sheath was broken and no reading was 
obtained. However, later experiments suggested that 
assembly with slight modifications might still prove 
suitable for casting-stream measurements on uphill 
cast ingots. 


Final Design of Apparatus 

The early attempts suggested a design which has given 
very good results. The basis was a standard runner-box, 
rammed with ‘‘ compo,”’ consisting of a conical re- 
fractory lining, } in. thick, 10in, deep, tapering to a 
minimum internal diameter of 2} in. and provided with 
a cylindrical cast-iron case. The refractory lining was 
drilled lin. from the bottom with a }in. hole at an 
angle of about 35° to the horizontal, and a | in. hole 
was drilled at the appropriate point in the cast-iron case. 
The two components of the runner-box were assembled 
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casting of an ingot. A difficulty which sometimes ari.es 
in such measurements is that the swinging of the ladle 
may cause the thermocouple to be momentarily exposed 
every few seconds, so that it never reaches a steady 
temperature. This trouble can be overcome by stea:ly- 
ing the ladle with long poles, as is usually done in the 
foundry. 

Accuracy.—The accuracy depends first on the therino- 
couple being immersed in the liquid steel for a sufficient 
time to enable it to attain a steady temperature. In 
Fig. 4 the time (12 secs.) was scarcely long enough, but 
in Fig. 5 15 sees. sufficed to give a perfectly satisfactory 
record. It appears that the method in its present form 
is applicable only to castings of greater weight than 
5 ewt. 

Another possibility of error is that the refractory 
lining may cool the steel before it reaches the thermo- 
couple. ‘Approximate calculations suggest that the 
cooling is unlikely to exceed 3° C. for the 7-cwt. castings 
investigated, and is more likely to be less than 2 C. 
This source of error has therefore been neglected. 


Fig. 3.—Section of 
runner-box adapted to 
take thermocouple. 


with a steel rod in place of the thermocouple tube, 
rammed with compo and dried out. The complete 
assembly is shown in section in Fig. 3. 

The thermocouple tube was a silica sheath 4} in. long, 
64mm. in external diameter, and 0-7 mm. in wall 
thickness. The platinum, platinum-rhodium  thermo- 
couple wire was 0-5 mm, in diameter and insulated in 
fine twin-bore silica tubing. The head of the thermo- 
couple unit was a standard two-way porcelain connector 
cemented to the silica tube. The thermocouple unit 
could be placed in the runner-box just before casting ; 
it was held in position with ** Sairset ’’ cement. About 
} in. of the silica tube protruded into the casting stream. 
It was quickly found advisable to cover the thermocouple 
head and about a foot of the compensating lead attached 
to it with asbestos tubing to protect them from splashes 
of hot metal. 

It was found that about two out of three determina- 
tions were satisfactory with this arrangement, the chief 
cause of failure being that the ladle operator some- 
times interrupted the casting stream during casting, s 
that the thermocouple did not reach a steady scaiein 
ture. Occasionally the silica tube broke or the bending 
of the tube caused a short-circuit in the thermocouple, 
but the majority of observations were quite satisfactory. 
Typical records are shown in Fig. 4 and 5. 

A conical refractory lining as used in the runner-box 
has been fitted in the steel frame and used successfully 
to measure the casting-stream temperature during the 


Fig. 5.—Tracing a typical pair of records, 
showing furnace temperature and casting- 
stream temperature. 


Refractory Lining _J Casting Stream 
N (| 1561° C. 
N _(2841° F.) 
1700 1600 1500 —~ 400 
Before tappin 
Fig. 4.—Tracing of first record { fe 508°C. 
NY: of casting-stream temperature, (927° ) 
N: using adapted runner-box. 
N: 
NE 


In quick immersion temperature measurements in the 
furnace it is usually considered necessary for the silica 
sheath to be immersed for at least 1} in. from the hot 
junction to obviate errors due to heat ¢ onduction towards 
the cool part of the sheath. The greater efficiency of 
heat transfer in a fast-moving stream appears to reduce 
this depth of immersion considerably, and } in. of tube 
protruding into the flowing stream appears to be 
adequate. The accuracy of the combined amplifier and 
recorder is of a high order (+ 2°C.). The constancy of 
the amplification depends only on the permanence of a 
single resistor, and the overali precision is checked by 
reference to a Weston standard cell incorporated in the 
amplifier. 

Applications 

To illustrate the value of the method a series of 
measurements was made using the “‘ temperature ring,” 
and simultaneously observations were made with a 
calibrated disappearing-filament optical pyrometer. 
Temperature measurements were also made in the furnace 
before tapping. In this way the emissivity and the ladle 
cooling of the steel were measured, two quantities of 
particular interest to the Foundry Steel Temperature 
Sub-Committee. 

The measurements were made on a nickel-chromium- 
molybdenum steel which was, at the time of these 
experiments, in regular production under closely stand- 
ardised conditions. A typical analysis was as follows :— 


By weight. By weight. 
Manganese Chromium ...... 
BHICOM + 0°25% Molybdenum 
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The steel was made in a 12-ton basic electric-are furnace, 
and cast from a ladle lined with fireclay-bricks. The 
metal was poured from the bottom of the ladle through 
a magnesite nozzle with a fireclay stopper end, previously 
boiled in tar. 


TABLE L—TEMPERATURE MEASUREMENTS IN THE FURNACE 
AND DURING CASTING, 


| Castings. 
| 
Cast Furnace |Power.|'Tapped. | | Remarks, 
No, | Time. Dip. Kw. | Time. Ring | 
°C. No. Couple, | Opti- 
°0, °C.) 
1625 — 3 | 1560 | 1435 |° 
A510} 11-15] 1600 | 1050 | 11-28) 3 | 1570 | 1422 
4520) 11-56| 1623 {| 600} 12-12) 3 | 1550 | 1390 | Ladle about 
600° C, 
9-55/ 1592 | 1000/ 10-25 | 3 | 1560 | 1420 
10-06} 1619 | 1000 6 | 1562 1420 
10-21) 1621 | 
| 11-39] 1580 | 1500] 11-53) 3 | 1560 | 1425 
11:50} 1602 | 1500 | 
11-46| 1610 900 | 12-03 | 3 1555 1438 | 0-30% carbon 
11-56| 1603 1250 | | | steel. 
A539 | 13-03} 1560? | 1400 13-22 5 /|1562-1568) 1418 | 0-30°, carbon 
13-15} 1615 | 1200 | | stee 
ASAI | 11-25 |1580-1592) 1200 | 11-47 | 3 | 1555 | 1420 | 


11-36 | 1617 | 750 | 1555 | 


The optical pyrometers, manufactured by the 
Cambridge Instrument Co. and by Hartmann and 
Braun were calibrated within 24 hours of each observa- 
tion against a tungsten ribbon-filament lamp 
standardised at the National Physical Laboratory. The 
ladle was heated by a gas burner to a temperature of 
approximately 650° C. before tapping. The metal was 
held in the ladle for 10 mins. before casting. The 
majority of observations were taken on the third 7-cwt. 
casting. 

The experimental results are given in Table I. 

Emissivity.—The emissivity of liquid steel is the ratio 
of the radiant energy emitted per unit area of the steel 
surface to the energy radiated by a perfect black body 
at the same temperature. Since the human eye in 
conjunction with the red filter of the optical pyrometer 
only responds to radiation in a narrow band of wave- 
lengths, the emissivity (EA) with which we are concerned 
is the “‘ spectral emissivity ” at the effective wave- 
length (A,) of the optical. pyrometer. The effective 
wave-length was approximately 0-65 micron. The 
relation between true temperature (T,,,) and apparent 
temperature (T,,,) is given by :— 


where C, and C, are Wien’s radiation constants. It was 
not always practicable te make a temperature measure- 
ment in the furnace immediately before tapping the 
metal into the ladle. The relation between the power 
input to the furnace as indicated on the wattmeter and 
the rate of rise of temperature had previously been 
determined as accurately as possible ; this relation was 
used to estimate the true temperature of the metal as it 
left the furnace. In most cases the furnace was tapped 
within 10 mins. of the last dip measurement in the 
furnace, and the estimated temperature change during 
the period was between 3° and 17° C. 

The measurements of the true casting-stream tempera- 
ture measured by the authors’ new method and of the 
bright ness temperature measured optically are correlated 
in Fiy. 6. The majority of the observations lie in the 
neigh|,ourhood of the line corresponding to an emissivity 
of 0-38. The only point seriously out of accord is that 
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for a brightness temperature of 1,390°C. It seems 
probable that there was interference with the optical 
reading due to smoke during this observation. The 
correlation is quite as good as could be expected, merely 
taking into account the uncertainty of the optical- 
pyrometer readings, which are rarely reliable to better 
than + 10°C. 

Ladle Cooling.—Ladle cooling readings obtained with 
the alloy steel are set out in Table II, which also includes 
two results on carbon steels (A537 and A539). The ladle 
was of normal design, capable of holding 14 tons of 
molten steel. In these experiments the average content 
of metal was approximately 10 tons. 

TABLE II,—LADLE COOLING READINGS. 


Tapping Temp., Casting Stream Ladle Cooling, 
Cast No, . 90 Temp., °C. °C, 
A510 1617 1570 47 
A520 1620 1550 70 
A528 1626 1561 65 
C429 1608 1560 48 
A537 1615 1555 60 
A539 1627 1565 62 
Adil 1622 1555 67 
1440 
1430 
& 
$ 1420 
3 1410 
a 
1400 
13390 
1380 4 


4540 4560 4570 4580 
True Temperature. °C. 


Fig. 6.—Relation between brightness temperature (as 
measured by optical pyrometer) and true casting- 
stream temperature for nickel-chromium- 
molybdenum steel. 


The average value of the temperature drop between 
furnace and ladle was 60° C., the range of variations being 
23° C.—i.e., + 12°C. The authors have pointed out in 
a previous paper! that there is likely to be this range of 
uncertainty of at least 5° C. in estimating the change in 
temperature between the last dip measurement in the 
furnace and the commencement of tapping. The results, 
therefore, can be considered concordant within antici- 
pated limits. 

One of the authors? has published a mathematical 
analysis of the ladle cooling of liquid steel, stating that 
the figures given in the paper should be multiplied by a 
constant factor to be determined experimentally. The 
value of the ladle cooling calculated from the published 


1 Oliver and Land, Jour. Iron & Steel Inst., 1942, No. 1. 
2 Land, Jour, Iron and Steel Inst., 1941, No, 2, pp. 157 P-168 P. 
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tables is 78° C. for the conditions of the experiments, so 
that the constant factor in this case is 0-7. It remains 
to be seen, however, whether this value is equally valid 
for a wide range of conditions. 


Conclusions 


A simple and successful method has been devised for 
measuring the temperature of the casting stream in the 
foundry. It can be applied to castings of more than 
5 ewt. in weight with only slight modification of standard 
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foundry practice. It appears essential to employ some 
type of high-speed temperature recorder in view of ‘he 
short time available for the measurement. The met!.od 
appears to be suitable for the investigation of emissivii ies 
and the ladle cooling of liquid steels under foundry 
conditions. 

The authors express their indebtedness to the members 
of the Foundry Steel Temperature Sub-Committee 
for helpful discussion during the course of this 
investigation. 


Carbon and Alloy Steels for War Purposes 


A Review of Recent Schedules and Specifications 


In our July, 1943, issue we reviewed the schedules for carbon and alloy steels then in use 
for war purposes. Since that time a number of new schedules have been issued which are 
considered in the present article, particular attention being given to the new specifications. 


N an earlier issue,* a review was made of schedules 
for carbon and alloy steels for war purposes. These 
schedules were prepared with a view to making the 

best use of available materials used in the manufacture 
of steels, especially alloying elements and, to ensure 
that they were effectively applied, a considerable degree 
of rationalisation of carbon and alloy steels was found 
necessary. This rationalisation, which dealt with steels 
used in general engineering and with steels used in 
armaments and wheeled vehicles applied to wrought 
steels used in the form of bars, billets, light forgings, 
plates, strip, sheet, tubes and stampings. The work 
of preparing the schedules was carried out by the 
Technical Advisory Committee of the Special and Alloy 
Steels Committee of the Ministry of Supply and the 
Superintendent Technical Applications Metals Depart- 
ment of the Controller-General Research and Develop- 
ment, Ministry of Supply, and issued by the British 
Standards Institution. 

The first schedule issued was the now well-known 
War Emergency British Standard Schedule 970 : 1941, 
which contained particulars of 58 steels, the En steels, 
15 of which are plain carbon steels and 43 are alloy 
steels. Concurrently with the issue of this schedule was 
issued a companion document, British Standard 971, 


which was produced by the T.A.C. with the object of 


facilitating the Supply of carbon and alloy steels for war 
purposes and contained 33 steels, specifications of which 
nine are for carbon steels and the remainder for alloy 
steels. A further schedule of service steels B.S. S.T.A. 5 
was prepared in L942 as a statement of the general 
service requirements for engineering steels to co-ordinate 
and simplify the material aspect of current wartime 
manufacture. This schedule was based on the revised 
form of B.S. 970 issued in 1942, and also took into 
account the Direction of the Controller, B.S. 970a, 1942, 
which limited the available types of alloy steels, and 
enforced the economical use of alloying elements. 
Since the iss ue ofthese schedules, which were reviewed in 
detail in the previous article, a number of new schedules 
have been issued, and these are now given consideration. 


*July, 1943, 


New En Steels 

In January, 1943, an amendment No. 1 was issued to 
B.S. 970 : 1942, containing three additional specifica- 
tions, Nos. 100, 101 and 102. The first of these was for 
heat-treated low alloy steel bars for machining, and the 
other two for carbon-manganese case-hardening steels. 
In August, 1943, an amendment No. 2 was issued to 
B.S. 970: 1942, in which the En 100 steel was revised, 
and which provided for a new steel, En 110. 

The specification for low alloy steel, En 100, is designed 
to utilise to the greatest advantage the alloy content of 
steel scrap. The revised specification specified that the 
steel shall contain 0-35 to 0-45°% carbon, not more than 
0-5°%, silicon, 1-2 to 1-5°%, manganese, 0-5 to 1-0% 
nickel, 0-3 to 0-6°%, chromium, 0-15 to 0-25%, molyb- 
denum, and not more than 0-05°, of sulphur and phos- 
phorus respectively. This steel is suitable for tensile 
ranges of 45/55, 50/60, 55/65, 60/70, and 65/75 tons 
per sq. in., according to a limiting ruling section up to 
6 in., 4in., 24in., 1} in., and 1} in. respectively. For 
minimum tensile strengths of 45 and 50 tons per sq. in. 
the carbon may bepermitted down to 0-25°%. The heat- 
treatment for this steel is to harden in oil or water from 
830° to 860° C. and temper at a suitable temperature 
not less than 530°C. Water quenching should not be 
applied without extra care and only on casts of low 
limit composition as the steel is essentially one for oil- 
hardening. The material covered by this specification 
is the same as that covered by specification D.T.D. 600, 
and is capable of meeting the test requirements of 
specification En 16 (manganese-molybdenum steel) for 
heat-treated bars. It can also be used for forgings and 
drop-forgings. 

B.S. En 110 is for a low nickel-chromium-molybdenum 
steel, also designed to utilise to the greatest advantage 
the alloy content of steel scrap. This steel is specified 
to contain 0-35 to 0-45% carbon, 0-1 to 0-35% silicon, 
0.4 to 0-8°%, manganese, 1-2 to 1-6% nickel, 0-9 to 
1-4°, chromium, 0-1 to 0-2°%, molybdenum, and not 
more than 0-05 each of sulphur and phosphorus. ‘The 
mechanical properties obtained for this steel after oil- 
hardening from 830° to 860°C. and tempering at @ 
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TABLE4{I.—“ PERMITTED ALLOY STEELS, 


Type of Steel, 


40 carbon (1% nickel maximum, optional) —_ 


il 60 carbon-chromium 
2 40 carbon (1% nickel maximum, optional) 
13 Manganese-nickel-molybdenum Steels for hardening 
16 Manganese-molybdenum and tempering 
i7 Manganese-molybdenum higher molybdenum) 40-100 tons /sq. in, 
is 1% chromium ultimate _ tensile 
ig 1% chromium-molybdenum strength, 
1}°% nickel-chromium- (molybdenum optional) 
36 23% __nickel-chromium-molybdenum (medium 

carbon) 
26 23% ~nickel-chromium-molybdenum (higher 

carbon) 


30 4}% nickel-chromium 


31 carbon chromium | 

33 3% nickel case-hardening Case-hardening steel 

34 2° nickel-molybdenum case-hardening as Table II. 

35 2% nickel-molybdenum (higher carbon) case- 

hardening 

36 3°, nickel-chromium case-hardening. 

39 43% nickel-chromium case-hardening 

40 3° chromium-molybdenum For nitriding only. 

41 | 1$% chromiam-aluminium-molybdenum 

1% chromium 

| Chromium vanadium For valve springs. 

51 3% nickel For vaives, 

| Silicon-chromium 

53 Silicon-chromium 

Nichel-chromium-tungsten 

Chromium-nickel-tungsten 

56 =| Chromium rust-resisting For corrosion or 
56 M | Chromium rust-resisting heat resistance. 
56 A Chromium rust-resisting (low carbon) 


56 Al Chromium rust-resisting (low carbon) 
56 AM | Chromium rust-resisting (low carbon) 


57 Chromium Nickel rust-resisting (high tensile) 

58 Austenitic chromium-nickel rust- and acid- 
resisting 

| Austenitic chromium-nickel rust- and acid- 


resisting 


For hardening and 


100 Low alloy (heat-treated bars for machining) 
tempering. 


suitable temperature not exceeding 660° C., are 45/55, 
50/60, 55/65, 60/70, 65/75 and 70/80 tons per sq. in., 
for limiting ruling sections up to 6 in., 4 in., 4 in., 24 in., 
li in., and 1} in. respectively. The material covered by 
this steel is capable of meeting the test requirements of 
specifications En 16, 17 and 19 for manganese-molyb- 
denum steels and for 1°, chromium-molybdenum steel. 
It is permitted as an alternative to En 17 and 19 for 
machining bars and as an alternative to En 16, 17, 19 
and 100 for forgings. 

The two new non-alloy case-hardening steel specifica- 
tions, En 101 and 102 are for carbon-manganese and 
carbon-manganese free-cutting steels which have physical 
properties for which only alloy steels were previously 
obtainable. Both steels contain 0-12 to 0-18°% carbon, 
0-1 to 0-35% silicon, 1-25 to 1-75% manganese, not 
more than 0-06% phosphorus, and not more than 0-06% 
sulphur, and 0-08 to 0-15% sulphur respectively. The 
specified core properties are 40 tons per sq. in. tensile 
strength, 20% elongation, and 40 ft.-lb. Izod impact 
valve minimum for the first steel, and 40 tons per sq. in. 
tensile strength, 18% elongation and 30 ft.-lb. Izod 
impact value for the second steel. The steels are 
primarily intended for oil-hardening from a temperature 
of 770°-790° C., but they may also be water-hardened, 


Alloy Conservation 


lh 1942 there was issued to B.S. 970 a supplementary 
Mer orandum, B.S. 970a, which embodied restrictions 
plac by the Ministry of Supply on plain and alloy 
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steels which might be used for the production of various 
cross-sections and for case-hardening purposes with a 
view to economising in the use of alloy elements. It also 
required specific sanction for the manufacture of special 
alloy and wrought steels outside the grades covered by 
the selected compositions tabulated in the schedule. 

In 1943, a new Direction or Memorandum, B.S. 970, 
was issued, based on Schedule B.S. 970 : 1942, which 
superseded the 1941 edition of the schedule which 
formed the basis of the first Memorandum B.S. 970a. 
Unlike the first, it is restrictive only in regard to alloy 
steels, which for this purpose are those which, by 
specification, contain any one or more of the following 
elements :—0-40°%, or more of chromium or of nickel ; 
0-10% or more of molybdenum or of tungsten or of 
vanadium ; 10-0° or more of manganese. 

En alloy steels 20, 21, 22, 23, 27, 28, 29, 37, 38 and 47 
included in B.S. 970 : 1942 are non-permitted. En non- 
alloy steels may be made and supplied unreservedly. 

In this new Memorandum, three tables are given, 
showing (1) wrought alloy steels ‘‘ permitted ” for parts 
up to 6in., ruling section, and the uses for which such 
steels may be employed ; (2) Table 2 of B.S. 970 : 1942, 
“ Steels for hardening and tempering 40 to 100 tons per 
sq. in, ultimate tensile strength, bars, billets, light 
forgings and stampings up to 6 in. ruling section,” with 
the addition of En 100 ; and (3) steels ** permitted ” for 
case-hardening. The non-alloy steels En 14 and 15 are 
included in the first two tables for guidance, but their 
manufacture and uses are not controlled. The permitted 
alloy steels dealt with in this Memorandum are given 
in Table I, together with the uses and purposes for which 
such steels may be applied. 

No restriction is imposed on the use of any of the alloy 
steels issued for physical properties higher than or for 
sizes larger than those for which they are specified, 
but they must not, however, be used for lower physical 
properties or for smaller sizes. Designers and users are 
urged to consider most carefully the combinations of 
properties—i.e., strength, ductility and notch toughness 
in making their selection of steels, in that by a relaxation 
in the ductility or toughness requirements, it is possible 
to provide the same tensile strength in lower alloy or 
even plain carbon steels or to employ a given steel in a 
larger ruling section. In some cases alternative steels 
are allowed for the same ranges of properties and ruling 
sections. This is done deliberately to accommodate the 
changing availability of the respective alloys and other 
circumstances governing supply from time to time. 


TABLE II.—CASE-HARDENING STEELS. 


Specified Core 
Properties, 


| 
| 
BS. Type. | Ultimate 


Ea. Ho, | Tensile | Impact 
Strength, | Ft./lb. 
| Tons/sq. in, | 

32 \Carbon case-hardening 32 40 
101 \Carbon-manganese case-hardening ....... 40 40 
102 \Carbon-manganese case-hardening ....... | 40 80 
33 18% nickel case-hardening ..............| 45 40 
34 12% nickel-molybdenum (lower carbon) ..| 45 40 
35 2% nickel-molybdenum (higher carbon). .| 55 26 
36 3% 55—65 35—30 
39 144% nickel-chromium | 85 25 
| i 


For particular applications of a type of steel, especially 
where considerations of heat-treatment are involved, 
it is desirable that the chemical composition of the steel 
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TABLE IIL.—TENSILE STRENGTH OF HARD-DRAWN STEEL WIRE, 
High Quality 
Special and 
Standard Quality. 


8.W.G, | Diam,, In, First Quality. 
Tons /sq. in. Tons /sq. in, 
| 
33 O-O10 170 min, 160 min, 
32 | O-OL08 170 
30 170 min, 160 min, 
28 O-OL48 170 
27 O-O164 160 
26 0-018 | 
25 0-020 170 min. 160 min. 
0-022 | 165—175 160 —,, 
23 O-O24 165—175 150— 160 
0-028 160—170 140-—150 
#1 0-032 155—165 140—150 
20 0-036 150—160 140—150 
145—155 140—150 
18 0-048 140—150 
17 0-056 | 140—150 140—150 
16 O-064 140—150 j 140—150 
0-072 140 130— 140 
14 O-OR0 130—140 
13 | 130—L10 150— 140 
| O-104 120—130 120—130 
il O-116 115—125 110—120 
1lo—120 lle lve 
o-160 1w5—115 loo 110 
7 O-176 105—115 100— 110 
0-192 105—115 
b 100— 110 100 
4 110 100 
3 100 
2 95—105 
95—105 00 


should be within fairly close limits. The lowest limits 
generally practicable under manufacturing conditions 
are therefore given for carbon, manganese, silicon, nickel, 
chromium and molybdenum, but such: limits are not 
applicable to steel containing over 3°, manganese, 6°, 
nickel, 4°, chromium, or 1%, molybdenum, either 
separately or in combination. 

The only * permitted" alloy case-hardening steels, 
together with the carbon case-bardening steel En 32, and 
the two new non-alloy case-hardening carbon manganese 
steels, En 101 and 102, are given in Table II. The low- 
carbon 2°, nickel-molybdenum case-hardening steel is 
used to replace 3°, nickel-chromium § case-hardening 
steel for gears and other transmission components, and 
the high carbon-nickel-molybdenum steel to replace 5°, 
nickel-chromium case-hardening steel for gears, pinions, 
shafts and other case-hardened components. The two 
nickel-chromium case-hardened steels are used for 
transmission parts and small arms, mechanism com- 
ponents, and for high-duty gears and heavy roller bear- 
ings respectively. Since the latter steel is of high 
alloy content it should only be used where high tensile 
strength is essential. 


Steel for Spring Wire 

Services specifications have been issued by the British 
Standards Institution for spring wire. Three specifica- 
tions, B.S. 8.T.A. 1, B.S./S.T.A. 3, and B.S./S.T.A. 4, 
deal with special first quality hard-drawn spring wire, 
high-quality hard-drawn spring wire, and standard 
quality hard-drawn spring wire respectively. The steel 
for the first grade of wire must be produced by the 
electric furnace and should contain 0-75 to 00-85% 
carbon, 0-5 to 0-7°%, manganese, 0-3, 0-02 and 0-02°, 
maximum silicon, sulphur and phosphorus, and 0-10, 
0-15, and 0-10°, maximum nickel, chromium and 
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copper. Minimum tensile tests for different gauges of the 
finished wire which should only be used for special 
applications are given in Table III. 

The steel for the high-quality hard-drawn wire is 
specified to contain 0-65 to 0-85% carbon, 0-4 to 0-75°, 
manganese, and 0-30, 0-03, 0-03, 0-20 and 0-15°, 
maximum of silicon, sulphur, phosphorus, nickel and 
chromium respectively. This steel must be made by the 
electric furnace. Alternatively, it may be of special 
acid or basic open-hearth manufacture when the sulphur 
and phosphorus may be accepted up to 0-045% maxi- 
mum each for acid steel, and 0-04°%, maximum each for 
basic steel. Minimum tensile tests for different gauges 
of finished wire of this steel are given in Table III. 
Material to this specification is intended only for springs 
subject to exacting service conditions, and its applica- 
tions should be restricted accordingly. Steel for standard 
quality hard-drawn wire is specified to contain 0-55 to 
0-85% carbon, 0-4 to 0-75% manganese, 0-1 to 0-3°%, 
silicon, and 0-5 maximum each of sulphur and phos- 
phorus, and to have minimum tensile strength for 
different gauges as given in Table III. 

For all three steels, wire of sizes from No. 13 S.W.G. 
to No. 1 S.W.G. must give a reduction of area in the 
tensile test of not less than 3-5. In addition to tensile 
tests, torsion and wrapping tests are also specified. In 
the torsion test a sample of each coil of wire from all 
or certain gauges must withstand without fracture 
twisting uniformly a minimum of seven turns in one 
direction and seven turns back in a length equivalent 
to 100 diameters for the first two grades of wire, and 
for the third grade, the standard quality, twisting 
uniformly a minimum of 20 times in one direction in a 
length equivalent to 100 diameters. Any material 
showing seams shall be rejected. In the wrapping test, 
a sample from each coil of wire of sizes No. 23 to No. 
14 8.W.G. must withstand without sign of failure being 
wrapped with eight complete turns round a mandrel of 
diameter equal to twice the diameter of the wire and 
unwrapping seven turns for the first two grades of wire 
and seven and six turns respectively for the third 
grade. 

Substitute Steels 


In 1942, when the main sources of tungsten were lost, 
it became necessary to conserve this element and substi- 
tute steels were recommended by the Iron and Steel 
Control to replace high-tungsten high-speed steels, 
which were only allowed to be manufactured under 
licence when it was proved that substitute steels were 
not available. The two substitute steels recommended 
at first were 6-6 and 9-4. The former steel contained 
5 to 6% molybdenum, 5-5 to 6-5% tungsten, 4 to 5% 
chromium, and 1-25 to 1-5% vanadium, and the latter 
steel 8-5 to 9°, molybdenum, 3-5 to 4-5% tungsten, 
3-5 to 4-5% chromium, and 1-25 to 1-5% vanadium. 
Last year the use of substitute steel 6-6, which was most 
generally used, was cancelled, and a new molybdenum 
high-speed steel 4-6 was substituted, containing 3-9 to 
4-4°, molybdenum, 5 to 6% tungsten, 4 to 5% 
chromium, and 1-4 to 1-6°%, vanadium. Recently a new 
steel containing 16%, tungsten, 1 to 5% molybdenum, 
and I} to 14°, vanadium is recommended which will 
eventually replace the 4-6 molybdenum steel as this 
latter material is used up. The treatment for this still 
is somewhat similar to that for the 18% tungsten high- 


speed tool steel. 


312 

‘ ‘ 
‘ 


METALLURGIA 


The Institute of Metals 


Annual General Meeting held in London 


initial proceedings of the above meeting as the 

printing of the issue was almost complete. It was 
impossible, for instance, to report interesting points 
raised by the new president, Dr. Griffiths, when he 
discussed the activities of the Institute ; nor the interest- 
ing discussion resulting from the paper on damping 
capacity. . In view of the importance of the meeting, a 
continuance of the report seems to be desirable, and 
below we publish some of the main aspects. 


[ our last issue it was only possible to report the 


The Activities of the Institute 


Among the subjects discussed by Dr. Griffiths in his 
address (which he did not regard as a_ presidential 
address) he dealt briefly with post-war activities and 
responsibilities of the Institute, on which the Council 
have appointed an Exploratory Committee. The Council 
naturally wants the help of as many as possible of the 
members, and especially does it seek the advice of the 
younger members. 

The results of the Institute’s efforts to advance 
metallurgical science and technology are given at meet- 
ings and in the Journal, and through them ideas are 
exchanged on these results and on other problems which 
await solution. Ideas on the possible improvement of 
meetings are welcomed, but members were asked not to 
repeat the oft-repeated admonition to increase the 
number of ** practical ’’ papers. The means of redressing 
the balance of practical and theoretical papers is in the 
hands of those who feel the need of the practical papers 
—namely, members who are in works and who can contri- 
bute papers on practical aspects. 

Other activities, which Dr. Griffiths referred to as of 
a domestic character for the benefit of members, were 
also mentiored but he emphasised that the Institute 
has a wider responsibility. When it was first formed, one 
of its main objects was the advancement of the knowledge 
of metals and alloys, and originally the Institute made 
itself responsible for supervising actual research, but 
with the formation of the Research Association of the 
Non-Ferrous Industry, the responsibility for the organisa- 
tion of co-operative research passed out of the Institute’s 
hands. This absence of direct control of research does 
not remove responsibility for encouraging investigations 
into the materials coming within the sphere of interest 
of the Institute. Every effort will be made not only to 
support the Non-Ferrous Research Association, but also 
research developments sponsored by the Government or 
by industry to increase the quantity of research being 
carried out on non-ferrous metals. 

During the war period the supply of trained metal- 
lurgists has been far below the demand, and much 
thught is being given to preventing the shortage 
continuing into the post-war years. The question of 
supply and training of metallurgists is being examined 
by a Committee set up by the Depaitment of Scientific 
an Industrial Research. The Council of the Institute 
sulmitted a memorandum giving its views on this 
important subject, and representatives attended to give 


evidence before the Committee. As a result of Govern- 
mental and general interest in the supply and training 
of metallurgists, larger numbers of young men are likely 
to take metallurgy courses. Apart from academic 
qualification, representations have been made to the 
Board of Education proposing that plans be drawn up 
to bring into existence a National Certificate scheme. 
Further means of encouraging the study of metallurgy 
have been suggested, amongst which is a growing demand 
in the profession for means by which those with ex- 
perience in the application of science, both in industry 
and elsewhere, could obtain some qualification the 
possession of which would indicate the standard of 
knowledge and experience they had attained. 

In conclusion, the president said: ‘* When the war 
finishes, the world, and our own country, are going to be 
different places, and when we start our full range of 
activities we shall need to see that they are in tune 
with the new conditions. I feel that with the greater 
understanding by the general public of the importance 
of science to the well-being of the individual, to industry, 
to the country, and to the world there may well be a call 
on Institutes such as ours to play a greater part in 
national and international affairs, if only in an advisory 
capacity. We as an Institute are already international 
in our membership, and I trust not solely national in our 
outlook. Who dares to say that there is no way in 
which we can assist in the solution of the complex 
problems which will face our nation and the world in 
the early days of peace? We now know—indeed, we 
have always known—that we are going to win this war. 
When peace comes, it must not and will not find us 
and our Institute unprepared.” 


Technical Session 


In the limited time available it was only possible to 
discuss one of the four papers which were scheduled 
for presentation at the meeting, this was the report of 
investigations on :— 


Damping Capacity at Low Stresses in 
Light Alloys and Carbon Steel, with Some 
Examples of Non-Destructive Testing 


By the late Dr.-Ing. L. FrRomMeR and A. Murray. 


The work described in this paper, which is published 
in full in the January issue of the Journal of the Institute 
of Metals, and in a substantially abridged form in our 
last issue, was carried out in the laboratories of High 
Duty Alloys, Ltd. The investigation was undertaken 
to establish: (1) A reliable and accurate method for 
measuring the damping capacity of materials, par- 
ticularly metals; (2) the significance of the damping 
capacity as a physical property of the material in terms 
of other known characteristics ; (3) the influence exerted 
by structural defects, such as cracks and porosity, upon 
the measured damping, and thus to afford means for 
non-destructive testing ; and (4) the practicability of 
employing damping measurements as a means of quality 
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control and inspection of raw material and finished 
components. 

By careful design, and as the result of experiment, it 
has been found possible to separate excessive external 
damping losses from the intrinsic damping which it was 
desired to measure. It has been established that at room 
temperature the damping capacity of the principal 
aluminium alloy is of the order of 10°° as expressed by 
the logarithmic decrement. The measured damping is a 
constant up to a maximum sbear stress of 30 Ib. /in.?. 

The damping of aluminium alloys appears to depend 
upon the degree of precipitation present, being highest 
for maximum solid solution and lowest in the annealed 
state. 

‘The damping is markedly increased by small cracks or 
such porosity as would not normally occasion the rejec- 
tion of a cast ingot. In some instances localised defects 
modify the damping at the various harmonics, so that 
the position of the defect can be estimated. This latter 
feature depends upon the experimentally determined 
fact that the torsional damping does not vary over the 
available frequency range. 

The damping of a 0-6°%, carbon steel has been studied 
up toa maximum stress of 90 Ib. in.* and has been found 
to be 0-5 » 10°* for the tempered condition and 0-7 x 
10°4 for the oil-quenched condition, these values being 
closely reproduced through successive cycles of heat- 
treatment. Whilst the damping values found by this 
technique are comparable with those obtained by other 
workers employing a somewhat similar technique, they 
are many times smaller than those found at stresses a 
few times higher by the Féppl-Pertz technique.* 

In presenting this paper for discussion, Mr. Murray 
referred to the death of Dr. Frommer, who passed away 
after the work described in it was completed, and said 
that in view of the energy and experience which Dr. 
Frommer put into the work and into X-ray crystal- 
lography it was a great pity that he had not lived to 
present the paper. 

Discussion 


Professor F. C. Thompson : I should first like to say 
what a pleasure it is to open the first discussion on a 
paper read under the presidency of Dr. Griffiths. It is 
a curious fact that the study of what we now know as 
damping capacity was initiated in this country about 
eighty years ago, and by physical means, but our con- 
tribution since then, and it has been by no means a small 
one, has been almost exclusively in connection with 
tests of a definitely mechanical type. This research, 
emanating from an English laboratory, is therefore all 
the more to be welcomed ; but it is to be welcomed also 
for its own sake. It is, so far as I am in a position to 
judge, an outstanding piece of research in connection 
with damping ; in fact, I think that a very good case 
could be made out for the view that it is the best piece 
of work ever carried out on damping, using physical 
methods of investigation. 

I should like to deal particularly with just one funda- 
mental point. All researches carried out on damping 
by means of mechanical tests have given damping 
values of the order of 1 or 2°, at least, while those from 
physical tests, both in the present paper and in Germany 
and America, have given results which are only a mere 
fraction of this. Most of the results in the present paper, 
for instance, correspond to a damping capacity as it is 
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normally calculated (that is, 200 times the logarithmi» 
decrement) of something of the order of 0-003%. 
The question at once arises of what is the reason for 
this enormous discrepancy. There is clearly the poss. 
bility that in mechanical tests the energy losses are «f 
the order of possibly 1,000 times the actual damping loss 


‘ 
STRESS 
Fig. 1.—Damping capacity—0.2°, carbon steel. 
1. Grips not fully tightened. 
2. Grips fully tightened. 
3. Grips modified and fully tightened. 


in the test-piece. For some time we have been doing 


work in the laboratories at Manchester University in a 
rather elementary attempt to see whether this is at all 


likely. That errors of considerable magnitude do arise 
is shown by the curves shown in Fig. 1, all of which 
\ 
25 
2 
5 ATEQ 
153000 20000 


sraese 
Fig. 2.._Damping capacity—0.2°;, carbon steel. 
Extrapolation of curve obtained with modified 
grip. 


refer to the same specimen. Starting off with the middle 
curve, No. 2, by a series of minor modifications we have 
been able to pull the damping down and down and 
therefore make it more and more probable until at the 
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present time we have got down to curve No. 3. But— 
and this is a very important matter—the curves appear 


to be approaching some limiting curve not very much ~ 


lower than curve 3 so that at the moment there is no 
explanation of the discrepancy at high stresses of the 
order of thousands of pounds per square inch from this 
yoint of view. 

The next possibility is that since the curves fall rapidly 
as the maximum fibre stress is increased, the differences 
may be due to the very much lower stress which is 
normally employed in physical methods of investigation. 
Fig. 2 shows one of the best of our curves, from which it 
will be seen how well it extrapolates to something 
approximating to zero at zero stress. There are in the 
paper some determinations carried out at a fibre stress 
of about 700 lb. per sq. in. The extrapolated value from 
that curve is of the order of 0-2%, but this.is still some- 
thing like 16 times as high as the values recorded in the 
present paper. 

Again, the immediate and perhaps obvious reaction 
is to say that the mechanical tests are hopelessly 
inaceurate, but this is just where the results contained 
in the present paper on steel are so extraordinarily 
important, and I am very glad that they were included. 
In the paper it is shown that the damping capacity of a 
fully-hardened steel is very much higher than that of 
the same material in the quenched and tempered con- 
dition. Now, exactly the same sort of thing has been 
shown by torsional tests. The differences in the present 
paper between the hardened and tempered states, if I 
remember rightly, were something of the order of only 
0-005°%. It is not possible, it seems to me, to get away 
from this fact. If the mechanical tests were so hope- 
lessly inaccurate as one might possibly assume, a damp- 
ing difference of this very, very small order could not 
possibly fail to be completely masked by the other 
observational errors, which were of the order of a hundred 
or a thousand times as great. 

It seems to me that there may be another alternative. 
For some considerable time I have been exercised in my 
mind on the question of whether physical and mechanical 
metheds of measuring damping were in fact measuring 
the same phenomenon, and, without committing myself 
at all to it at the moment, it seems to me that there is 
evidence that they are not measuring the same thing, 
and that is to some extent borne out by the evidence in 
this paper. The authors have shown that, measuring 
damping capacity as a function of stress, they get, at 
first, practically a constant value, but that later on it 
goes up. It is interesting that this was predicted in the 
very comprehensive paper of the late Dr. Hatfield. 

Since this paper was written, I have seen some further 
work which is being done. Mr. Murray has not men- 
tioned it, but there is good reason to hope that in a short 
time he may be able to provide the answer to the question 
as to whether the physical and mechanical tests 
are measuring the same thing, from the physical 
side. 

The loss of Dr. Frommer was a severe one. The only 
consolation which one can see at the moment is that the 
torch which he lit in that laboratory is clearly not 
extinguished. There are many other points. which might 
be raised, but I shall deal with them by correspondence. 

L. RorHerHamM : I have been very interested in 
wiat Prof. Thompson has said, and, like him, I feel 
t! +t possibly the explanation of the difference between 
th results in this paper and those in his papers and in 
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Dr. Hatfield’s, lies in the fact that it is a different 
phenomenon which is being observed. 

There are two points in the present paper which I 
should like to emphasise, the first is the conclusion which 
the authors have reached that the measurement of 
damping capacity is independent of frequency. There 
is very good evidence in American papers that that is 
not the case, although the frequency dependency is 
largely confined to transverse and longitudinal vibrations. 
I am not clear in my own mind what is the mechanism 
of damping in torsional vibrations at these very low 
stresses. There is a reasonable theory which is being 
worked out by Zener, with which Mr. Murray will be 
familiar, dealing with longitudinal and _ transverse 
vibrations, in which thermal effects give a very good 
indication of the properties of different materials. In 
the case of the transverse and longitudinal vibrations 
which are referred to in the paper, I think it would be 
clear, from the dimensions of the samples used by the 
authors, that any maximum in the curve of frequency 
against damping capacity would occur at very low 
frequencies. (I am assuming that they are fairly large 
specimens in every case.) They are quite outside the 
range which has been investigated. Therefore, while 
in the range which the authors have investigated, I 
think that the conclusion which they have reached is 
definitely correct, at lower frequencies, which they 
probably could not investigate with their present form 
of apparatus, I think we should find the frequency- 
dependent part of the damping capacity. 

The same thing applies, I think, to torsional vibrations 
when dealing with ferro-magnetic materials. I do not 
know whether any indication is given in the paper of 
the variation in damping capacity with frequency of the 
mild steel which was used. 

The main difference, however, between the results 
recorded in this paper and those obtained with what 
Professor Thompson describes as the mechanical method 
is, I believe, the stress difference. We tried to extend 
the measurements by that form of test to very much 
lower stresses, and by an improved technique we have 
managed to carry out tests from 2 tons per sq. in. down 
to 1121b. per sq. in. We are still above the normal 
range of working which the present authors have used. 
The interesting thing which is observed is that the curve 
of damping capacity against stress at the higher stresses 
is a relatively smooth curve, with most of the materials 
which we have tested, and that continues below 2 tons 
per sq. in. for a considerable distance. That again is 
very much like what Professor Thompson indicated. 
Reference may be made, however, to a curve for an 
austenitic steel which, at a stress rather below 0-5 ton 
per sq. in., shows a sudden decrease in the damping 
capacity, and at 112 1b. per sq. in., the values drop to a 
logarithmic decrement of 7 x 10°4. There is no indica- 
tion as yet that that levels out to a constant value. As 
with Prof. Thompson’s curves, extrapolation produces a 
straight line going through the origin. 

We have had an even more spectacular result than that. 
Those who read the paper which Dr. Hatfield, Mr. 
Stanfield and I presented to the North-East Coast 
Institution of Engineers and Shipbuilders in 1942 will 
recall that, for stainless iron, very high values of damping 
capacity have been noticed—in terms of specific damping 
capacity, values of about 10%. The remarkable thing’ 
in relating those tests to lower stresses is that imme- 
diately outside the range of stress which we used 


+ 
cA 


316 


previously, the damping capacity begins to decrease in 
terms of logarithmic decrement. At 112 Ib. per sq. in. 
it was 500 « 10°, and at 100 1b. per sq. in. the value 
decreased to 50 « 10°¢. We have never recorded values 
in steel as low as those indicated in this paper; the 
lowest we have ever seen is about 3 x 10°4 for a logarith- 
mic decrement. 

The interesting thing about these measurements is 
that we believe we are beginning to get some idea 
of what is happening. In the case of stainless iron, for 
instance, we think that the big increase in damping 
capacity between 100 Ib. per sq. in. and 2 tons per sq. in. 
is associated with the magnetic properties of the material. 
That does not apply to the austenitic steels, of course, 
and we have no idea what happens in those. 

I think it is clear that, speaking from our experience 
with the mechanical form of test, we are not yet able 
entirely to correlate the results we have obtained with 
those reported in this paper. In the case of most of the 
tests which we have done, the curve extrapolated to 
stresses below 100 Ib. per sq. in. definitely appears to be 
a straight line through the origin. In the case of the 
stainless iron, there seems to be a tendency for it to 
flatten, and for a constant value of about 10 x 10° to 
he obtained. I do not think that Mr. Murray has tested 
any stainless iron, but I should be glad to let him have 
some stainless iron to test, and I should be interested to 
know the results. 

In conclusion, | should like to associate myself with 
the remarks of Prof. Thompson with regard to the 
excellence of this paper. I think that it is the out- 
standing paper on damping capacity measurements of 
this type made in this country and published in English, 
and I think IT would include also all the American papers. 
I find it very interesting indeed, and the main conclusion 
that L reach is that the procedure which the authors have 
adopted is one which would be expected to give very 
low values of damping capacity, and I suggest that that 
is an excellent start for a test which is designed as a 
non-destructive test. 

A vote of thanks was accorded to the author, who was 
asked to reply in writing. 


Special Lecture 


As mentioned in our last issue, a special lecture was 
given after the luncheon interval, entitled ** Modern 
Views on Alloys and Their Possible Application,” by 
Dr. W. Hume-Rothery, F.R.S. In addition to members 
of the Institute of Metals, members of the Iron and Steel 
Institute, the Institute of Physics, the Physical Society, 
and the Faraday Society had been specially invited to 
the lecture, which was well attended. The lecturer 
dealt with alloys of typical univalent, divalent, trivalent 
and transition elements, of both scientific and practical 
interest. He showed that from a knowledge of atomic 
structures it was possible, in a limited way, to produce 
alloys with desired structures and properties; an 
extension of the fundamental work discussed offered 
great possibilities. An interesting aspect of this lecture 
was the considerable discussion which followed, those 
contributing including : Mr. G. L. Bailey, Dr. R. Jones, 
Dr. Bradley, Dr. A. H. Jay, Dr. H. Lipson, Miss Vera 
Daniel, Dr. Bruce Chalmers, Mr. H. W. G. Hignett, 
Dr. K. W. Andrews, Mr. Huddell, Dr. Gayler, Dr. 
Raynor. 
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The Inter-Relation of Age-Hardening 
and Creep Performance 


By C. H. M. Jenkins, D.Sc., E. H. BuckNALL, M.Sc., 
and E. A. Jenkinson, M.Sc. 

This paper, which was presented by Dr. Jenkins after 
the special lecture, deals with an investigation on the 
behaviour in creep of an alloy containing 3%, nickel and 
silicon in copper and form the second part of previous 
work.’ Little information on the subject of creep in 
relation to age-hardening is available, but it has some. 
times been assumed that an age-hardening treatment 
which produces maximum hardness will result in good 
resistance to deformation, irrespective of the tempera- 
ture of exposure and time factor. 

This is disproved in the present case, in which an 
investigation has been made into the behaviour under 
creep conditions of a wrought copper alloy containing 
2-4°%, nickel with 0-6%, silicon, after different thermal 
treatments. These bring about ageing in the alloy and 


render possible a comprehensive survey of its properties 


in relation to various amounts of either age-hardening 
or age-softening in the range 15°-625° C. , 

The results of tests carried out for short and long times 
show that at certain temperatures the ability of the 
alloy to withstand stress varies widely as the result of 
different heat-treatments. In long-time tests between 
230° and 600° C., fully age-hardened material is markedly 
inferior to fully softened material, but in short-time tests 
the converse holds. 

The changes in microstructure of both stressed and 
unstressed specimens of the alloy in its various con- 
ditions, are compared. It is found that the rupture of 
tensile and creep specimens in the range 300°-500° C. 
results from the development of intercrystalline cracks, 
whereas at lower temperatures transcrystalline fractures 
are found. In fully softened material there is, however, 
appreciable lengthening of the crystals before the inter- 
crystalline form of cracking begins to develop. 


Discussion 


Dr. H. Surron : I should like to pay my tribute to 
the very careful work carried out by Dr. Jenkins, Mr. 
Bucknall and Mr. Jenkinson at the National Physical 
Laboratory, and described in this paper. I feel that there 
is a great need for information of this kind, and for the 
basic sort of study which the authors have carried out, 
to enable us to learn something more than we know at 
present, which really is rather little, about how to make 
materials strong at elevated temperatures. The authors’ 
work has shown that at very moderate temperatures we 
appear to lose a good deal of the benefit seen in quick 
tests of thermal treatments, which have very large effects 
on the physical properties of the materials. There are 
some practical applications in light alloy technology 
which bring out rather similar effects. In some of our 
light alloys it has been found in practice that, for service 
at operating temperatures which take a very long time 
to have a serious effect on the working properties, some- 
thing is to be gained by stepping down a good deal 
below the optimum mechanical properties in the initial 
material. The recrystallisation temperature is probably 
a very important point in connection with these studies 
of creep, and I should like to ask, with regard to the 
periods with which the authors have been working, what 


1C. H, M, Jenkins and E. H. Bucknall, J. Jnst. Metals, 1935, 57, 141. 
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i, about the minimum temperature at which recrystallisa- 
tion can be expected to occur in these alloys. 

Another point is that, in the case of other series of 
alloys, apparently we may be able to use them at 
temperatures higher than the temperature of initial 
crystallisation because they contain large masses of 
harder particles than the ground masses. 

Mr. E. A. Jenkinson : I think the minimum tempera- 
ture at which recrystallisation occurs is about 450° C. 

The Chairman proposed a vote of thanks to Dr. 
Jenkins, Mr. Bucknall and Mr. Jenkinson for bringing 
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this interesting paper before the meeting ; he felt that 
we are really only on the threshold of knowing some- 
thing about creep resistance and the structural factors 
which affect it, and work such as has been done by these 
three authors helps to disperse some of the clouds which 
are still very thick. A vote of thanks was accorded. 

There was no time to discuss the papers by Mr. Fox 
and Mr. Lardner, and by Prof. Konobeevski, but, as the 
Chairman pointed out, there is nothing to prevent any 
member from sending in a written contribution to the 
discussion. 


in Wires and Sheets 
the X-Ray Analysis Group 


of the Institute of Physics 


used in industry and are preducing valuable 

results. There can be little doubt that more 
problems will be solved by their aid in the future, but 
in order that they can be most effectively used it is 
necessary that the operator shall have had some pre- 
liminary training in X-ray crystallography. In no 
branch of the subject is this more convincingly illus- 
trated than in the study of the orientation of single 
crystals and of preferred orientation in metals. To 


attempt such studies without a groundwork Ph 


diffraction methods are being increasingly 


is to add greatly to the difficulties of an 
already complicated problem. 

These points were emphasised at the 
conference organised by the X-ray Analysis 
Group of the Institute of Physics, which 
was held in Oxford on March 31 and April 
1. At the first session the analysis of 
organic structures was discussed ; at the 
second, the examination of imperfect 


When the specimen consists of a large number of 
crystals a separate projection is made for each particular 
plane, each crystal giving rise to one point of the pro- 
jection. Such a projection is known as a pole-figure, and 
a series of these will be required to represent a single 
specimen. The plane of projection is chosen so that it 
has a particular relation to the specimen ; for instance, 
it is usually perpendicular to the axis of a wire. 

Dr. Taylor went,on to consider at what stage during 
cold-work orientation sets in and what mechanism is 


Plane of sheet 


structures, such as fibres. 

Dr. W. H. Taylor opened the discussion 
in the third and final session, in which 
the subject was preferred orientation in 
drawn metal wires and rolled sheets. 
He began by giving a short account of the 
stereographic projection, which forms the 
basis of the most convenient method of 
representing preferred orientation—namely, 
the construction of pole-figures. 

His exposition was illustrated by means 
of Fig. 1. The single crystal considered 
is supposed to lie at the centre of the 
projection sphere. The normal to any 
plane is drawn through C, and one such normal CN is 
shown, All planes are now represented by points on the 
sphere. Any point, say P, on the surface of the sphere 
is chosen as the pole of projection, and the final pro- 
jection may be obtained on any plane (B) perpendicular 
to the diameter through P. The plane usually chosen 
is the diametral plane, and the point A where the line 
PN intersects this is the stereographic point representing 
tie plane originally chosen (that is, the plane perpen- 
dicular to CN). 


of knowledge of crystal projections, 
particularly the stereographic projection, 
B / 


Fig. 1.—Construction of the stereographic 
projection of a single crystal. 
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Plane of sheet 


“Roliing Direction 


Fig. 2.—Orientation in 
rolled magnesium sheet. 


involved in the process. In the initial stages cold- 
working results in a decomposition of the crystals into 
a mosaic structure, and it is not until after this that 
preferred orientation appears. The stress at this stage 
is greater than that which would cause fracture of the speci- 
men in a straight tensile test. According tosimple theory 
the mechanism of reorientation involves a modification of 
the crystals by the processes of slip and of twinning ; the 
processes are controlled partly by the propeties of the cry- 
stals, and partly by interaction at their grain boundaries. 
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Fig. 3. Sample of cross- 
rolled molybdenum sheet, 
showing 450 brittleness. 


A considerable amount of work has been done on the 
mechanism of slip in single crystals of various metals. 
In magnesium, slip occurs along the close-packed row 
lines in the hexagonal structure ; at room temperature 
the slip plane is the basal plane, but at higher tempera- 
tures, and for varying directions of stress, other planes 
can also act as slip-planes. Twinning involves a complete 
redistribution of atoms throughout a portion of the 
crystal and nothing is known definitely about the way 
in which it proceeds. The final state can be deduced 
by the application of pure geometry. 

The study by X-ray methods of preferred orientation 
in magnesium sheet containing 2°, Mn was described. 
German workers were first to find that there was a 
tendency for the hexad axis to be perpendicular to the 
plane of the sheet, and that the scatter about this 
orientation was greatest in the direction of rolling. 
American workers found that there was a tendency 
towards a double orientation in which the hexad axis 
was inclined at 15° on either side of the normal in the 
rolling direction. The material showing this double 
orientation contained calcium. In general, the orienta- 
tion about the hexad axis was found to be random. 

In describing his own experiments, Dr. Taylor said 
that transmission X-ray photographs showed the double 
orientation effect in material which did not contain 
any calcium, This method had the disadvantage that 
the average orientation over the whole thickness was 
obtained. A better method was to take surface- 
reflection photographs, and on etching the surface away 
in smal) steps tre orientation at different depths below 
the surface was studied. The surface-reflection photo- 
graphs were taken with the X-ray beam, both parallel 
and perpendicular to the rolling direction, and the 
results ‘showed that at the surface the basal plane 
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Fig. 4a.—-Straight-rolled sheet, X-rays 
perpendicular to original rolling direction. 
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Fig. 4b.— Straight-rolled sheet, X-rays 
parallel to original rolling direction. 


Fig. 4¢.—Cross-rolled sheet, X-rays per- Fig. 4d.—Cross-rolled sheet, X-rays 
pendicular to original rolling direction. 
All these illustrations are slightly reduced in size and are taken from J. ZJnst, Metals, LXII, No. 1, 1938, p. 208, 


parallel to original rolling direction. 


(0002)* is practically parallel to the plane of the sheet ; 
below the surface the basal plane tends to tilt over until 
it makes an angle of 15° with the sheet in the rolling 
direction and deeper down still an orientation of 15° 
in the opposite direction begins to set in. The results 
obtained are illustrated in Fig. 2. Orientation effects 
about the hexad axis have not been determined with 
certainty. 

Mr. H. P. Rooksby described some results of the 
examination of the metals molybdenum and tungsten 
in the form of drawn wire and of rolled sheet. The work 
was undertaken in order to find out whether there was 
any connection between the preferred orientation and 
certain undesirable properties of the material as used in 
lamp and valve manufacture. 

He dealt first with the subject of drawn wires, which 
have been shown to have a texture characteristic of 
metals with a body-centred cubic structure—that is, a 
{110} direction termds to lie parallel to the axis of the 
wire. The scatter about this orientation decreases as 
the percentage reduction increases, and the texture 
often differs in perfection between the outer layers and 
the core of the wire, owing to the mechanism of wire- 
drawing ; in general, the orientation is more perfect 
in the core of the wire. The deviation from the perfect 
orientation is affected by grain-size only in the initial 
stages of the reduction, and the effect of annealing is 
negligible. It has been shown that there is no change 
in the texture on recrystallisation during an anneal at 
1,000°-1,100° C. Although there is some correlation 
between preferred orientation and tensile strength, the 
texture has little practical significance, at any rate as 
far as the manufacture of lamps and valves is concerned. 


® Square brackets indicate the direction of a normal to the plane, or a zone- 
axis, Round brackets indicate a plane 
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Jn rolled sheet a further restriction on the orientation 
is imposed, since [110] tends to become parallel to the 
rolling direction, and also a cube-face (100) is brought 
into the plane of rolling. In sheet which has been rolled 
in one direction only there is a scatter in this latter 
orientation of some 10° about the rolling direction. It 
was noticed, however, that sheet that had been rolled 
in two directions at right-angles was very liable to 
develop cracks at 45° to the directions of rolling (see 
Fig. 3). Crystal orientation work on this material was 
carried out with a view to explaining this phenomenon. 
The material used was originally in the form of 
electrically sintered bars of molybdenum of more than 
99-9°%, purity. The bars were hot-rolled at 1,200° C. 
After sand-blasting, the sheet was annealed at 970° C., 
cold-rolled in the same direction, and again annealed. 
Subsequent cold-rolling, with intermediate annealing was 
continued (a) in the same direction—*‘ straight rolling ”’ ; 
or (b) at right angles to the original direction—*‘ cross- 
rolling.” The specimen used for X-ray examination was 
bent into the form of a U and set up so that the X-rays 
impinged at a glancing angle on the curved surface. The 
photographs obtained, some of which are shown in Fig. 4, 
were similar to those given by flat specimens, but more 
information could be obtained on a single film. All 
specimens used for X-ray examination were annealed at 
1,050° ; the surface layer was removed by etching. 
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The molybdenum foil exhibits three types of brittle- 
ness— 

(a) Normal inter-fibre weakness, due to lack of 
cohesion, between fibres developed in the 
direction of rolling ; this is present in straight- 
rolled sheet. 

(b) Transcrystalline cleavage at 45° to the rolling 
direction ; this is present in cross-rolled sheet 
where the crystals are in the fully oriented 
condition. 

(c) Intercrystalline brittleness due to lack of cohesion 
between grains of the fully recrystallised 
material ; this is present in sheet that has been 
annealed at 1,500° C. 

Burgers has observed a similar 45° cleavage-plane 

brittleness in tungsten foil. 

Dr. J. T. Randall continued the discussion with an 
account of published work on the subject of preferred 
orientation in sheet stgel for electrical machinery. The 
material consisted mainly of iron alloyed with silicon 
up to 43%. Silicon in solid solution increases the 
resistivity more than any other element that has so far 
been investigated in. detail and so reduces the losses 
due to eddy currents ; it also promotes grain growth 
and acts as a deoxidiser. On the other hand, it reduces 
the permeability and the ductility and the production 
of sheet from it is not an easy matter. 


The X-ray photographs taken , 


with the beam both parallel and 7 

perpendicular to the rolling direction \ 

show that in the straight-rolled 

sheet continued rolling tends to align ¢ 

the [110] direction into the rolling Z _" Z \ Va 

direction more and more exactly, £2 ~~ LZ 

whereas the cross-rolling does not 2 

affect this orientation, but tends 2 = 

to perfect the parallelism of a cube 2'° 210 ‘ 4 

face and the plane of the sheet. ~ 

This means that the other cube 

faces will lie perpendicular to the 0 20 40 60 80 T00 7 20 o 60 80 700 
ANGLE OF TEST-PIECE TO DIRECTION OF ROLLING —® ANGLE OF TEST-PIECE TO LAST DIRECTION OF ROLLING => 


plane of the sheet and at 45° to the 
rolling direction. Since the cube 
faces are cleavage’ planes in 
molybdenum, their alignment in this 
cross-rolled sheet would seem to 
account for the ease with which this 
material cracks along 45° lines. In addition to the 
X-ray work, mechanical bend-tests were performed on 
strip specimens cut at various angles to the original 
rolling direction. A standard Jenkins’ bend-test machine 
was used, in which a strip of metal about } in. wide is 
bent backwards and forwards through 180° over a pair 
of stee] jaws ground to an accurate radius, in this case 
1 mm. 

Xesults of bend-test figures after different annealing 
treatments were given, as well as variation of the figures 
with the angle of the test-piece to the direction of rolling. 
In the straight-rolled sheet the values show that the 
fibrous nature developed by rolling results in a much 
higher bend-test figure for a strip cut parallel to the 
rolling direction than for a strip cut at right angles to 
this, while that for the 45° strip is intermediate. For 


th» cross-rolled sheet the difference between the values 
for the strips at 0° and 90° is reduced, showing a decrease 
in nter-fibre weakness, but the figures show a minimum 
at 45° (see Fig. 5). 

The results of the work were summed up as follows :— - 


Fig. 5a.—Variation of bend-test 

figure with angle of test-piece to 

direction of rolling for 0.10 mm. 

Straight-rolled sheet annealed at 
1,050° C. 


Fig. 5b.—Variation of bend test 

figure with angle of test-piece to 

direction of rolling for 0.10 mm, 

Cross-rolled sheet annealed at 
1,050° C. 

From J. Inst. Metals, LXII, No. 1, 1938, p. 210. 

Dr. Randall emphasised the importance of an exact 
knowledge of the effect of impurities on the magnetic 
properties and on the preferred orientation of the 
silicon-iron sheet. Manufactured sheet contains 
impurities to the extent of 0-03% carbon, 0-15% 
manganese, 0-02°, sulphur, and 0-02% phosphorus. 
The most important work on the effect of these impurities 
is due to Yensen, who showed that carbon and sulphur 
are particularly harmful when good magnetic properties 
are required. Carbon, according to Goss, also seems to 
have a marked effect on the orientation texture of 
rolled iron sheet. 

The advantages which arise from the presence of 
preferred orientation in silicon-iron sheet were then 
considered. Fundamental investigations on single 
crystals of pure iron and of silicon-iron, both of which 
have a body-centred cubic structure, show that the 
intensity of magnetisation for a particular applied field 
varies with direction in the crystal. The magnetisation 
curve for [100] reaches saturation value for a lower value 
of the field than for [110] or [111], and thus [100] is 
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For transformer construction it is clearly desirable that 
this direction should lie parallel to the lines of flux, 


and thus silicon-iron in which [100] lies in the plane of 


the sheet is required. 

The connection between the nature of the glide 
element for single crystals and the texture of the rolled 
sheet has by no means been fully worked out. Experi- 
mental work on body-centred cubic metals has shown 
that slip can take place on three different planes, (110), 
(211) and (321), and the direction of slip is [111]. It 
appears that the choice of slip plane depends upon the 
temperature. Some experiments have been done on 
single crystals of pure iron, which showed that, when 2 


Fig. 6.—Variation cf Magnetisation (Ip) with field in (100) 
plane of iron 
‘From Stoner’s “ Magnetism and Matter,” (Methuen), p. 386, Fig. 61. 
single crystal is cold-rolled in a manner simulating the 
deformation of a grain in a polycrystalline aggregate, it 
may rotate into the vicinity of one or more of the 
following positions :- 


Rolling plane... qdiz) all 


The final positions of cube poles for such orientations 
when superimposed on the [100] pole figure for a poly- 
crystalline sheet show remarkable agreement (see Fig. 7). 

‘However, little is known about the effect of rolling 
conditions, and especially of the effect of impurities on 
the choice of glide plane, and hence on the resulting 
preferred orientation. 

Methods of investigating preferred orientation in 
silicon-iron sheet include the X-ray diffraction method 
as described by the previous speakers, the optical method 
of etch pits, and a magnetic method which employs an 
instrument known as a torque magnetometer. In the 
latter method a plot of torque against the angular 
position of a dise-shaped specimen is obtained, from the 
analysis of which it is possible to obtain information 
concerning orientation. 

Returning to the X-ray diffraction method, Dr. 
Randall pointed out that in order to obtain a complete 
stereographic study it was necessary’to set the specimen 
so that the angle between it and the X-ray beam could 
be altered over a wide range. Two types of photograph 
could be obtained—a surface-reflection photograph and, 
if the sheet is thin enough, a transmission photograph. 
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known as the direction of easy magnetisation (see Fig. 6). 
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Etching is necessary in order to reduce the thickness 
sufficiently to obtain the second type of photogeaph, 
and this has the disadvantage that it may act pre. 
ferentially on grains of a particular orientation. A more 
serious danger arises when specimen strips are cut for 
X-ray examination, for the results will be influenced 
by the cold-work introduced, and the use of etching 
to remove the cold-worked layer may not be entirely 
satisfactory. 

Dr. Randall concluded with a review of the orientation 
textures that have been found in iron-silicon sheet. He 
emphasised that in iron-silicon, unlike molybdenum, the 
recrystallisation texture after annealing is rarely the 
same as immediately after the rolling process. “Cold. 
rolled Goss sheet 
is manufactured 
by a twice- 
repeated process 
of rolling followed 
by high tempera- 
ture annealing at 
about 1,100° C., 
and it appeared 
to be due to this 
particular process 
that the unusual 
and most desira ble 
(110)/[100] tex- 
ture was obtained. 
Little X-ray work 
had been done on 
hot-rolled sheet, 
though what little 
work there was 
seemed to indi- 
cate a (100) /[110} 
texture, together with less prominent (211)/[110] and 
(111) (211) textures. It might be noted that in iron 
containing 1%, of carbon Goss had _ reported a 
complete reversal of the preferred orientations 
exhibited in hot- and cold-rolled carbon-free sheet— 
namely, a (110) [100] texture for hot-rolled sheet, and 
a (100) [116] texture for cold-rolled sheet. It seemed 
clear that a great deal more work was required to 
clarify the subject. _ 

In the general discussion which followed, Mr. G. C. 
Richer, who for 25 years has been in the transformer 
sheet industry, said that he found Dr. Randall's paper 
of particular interest. He suggested that there might be 
disordered regions between the magnetic domains which 
could not be detected by X-ray diffraction methods ; 
these disordered regions might be expected to have a 
marked effect on the magnetic properties of the material. 
He also mentioned that the magnetic permeability 
curves could be analysed in terms of percentage orienta- 
tion, a typical result being 80° [100], 15° [110], and 
[111] parallel to the rolling direction. 


Fig. 7 
crystals after rolling. 


(From “Analysis of the Cold Rolling Texture of 


100 Poles of 19 single 


Iron,” by ©. 8. Barrett ond L. H. Levenson; 


Metals Tech., Vol. 7, 1940. 


Dr. T. Ll. Richards laid stress upon the necessity for 
meking use of the stereographic projection in all 
orientation work. He described work which he had 
done on the orientation of chromium in surface-plating 
layers. It appeared from glancing-angle photographs 
that the [111] direction lay perpendicular to the 
layers, with a random orientation about this direc- 


tion: this meant that chromium atoms were arranged 
with the close-packed rows perpendicular to the 
surface. 
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Dr. W. F. Berg showed slides of some back-reflection 
Laue spots from transformer sheet, and suggested that 
the fine structure they possessed might give some 
information about slip planes in the crystals. He com- 
pared them with similar pictures which he had obtained 
from rock-salt specimens ; in this case the explanation 
put forward was that the internal fine structure in the 
Laue spots was due to rotation of crystal fragments on 
the cleavage planes. 

Mr. E. E. Spillett emphasised the importance in 
practice of preferred orientation in aluminium, but he 
also pointed out that there is not always complete 
correlation between the preferred orientation as indicated 
by X-ray photographs and the physical properties, such 
as hardness. He showed X-ray photographs of the same 
specimen in three different states unannealed, partially 
annealed, and completely annealed. The two first 
photographs were practically identical, both showing 
considerable preferred orientation, and the third showed 
complete removal of the orientation effect; but 
the hardness in the first two cases showed a consid- 
erable difference, whereas in the last two it was the 
same. 

Aluminium has a face-centred cubic structure, and in 
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the drawn wire [111] tends to become parallel to the 
wire axis, the orientation being more perfect in the 
centre. In the production of tubes the orientation 
depends upon the method of manufacture ; if reduction 
of diameter predominates the [111] direction becomes 
parallel to the tube axis, whereas if reduction in thickness 
predominates the [211] direction becomes parallel to 
the axis; this direction becomes parallel to the rolling 
direction in aluminium sheet. 

Dr. A. Hargreaves gave an interesting account of a 
moving-film method of recording glancing-angle reflec- 
tions from a rotating sheet specimen. The sheet was 
rotated in its own plane, and a stationary screen with 
a single slit was placed between the specimen and the 
film, so that X-ray reflection due to only one set of 
planes was recorded. In this way the difficulty of 
correlating intensities on separate films, each, exposed 
for one particular setting of the specimen, was obviated. 
Also, sufficient information was obtained on a single 
photograph to draw a complete pole-figure on a plane 
perpendicular to the axis of rotation. The method had 
been used to show the double orientation in magnesium 
sheet, an effect which Dr. Taylor had described at the 
beginning of the session. 


By A. Preece, M.Sc., and R. V. Riley, Ph.D: 


(Leeds University). 


A survey of the scaling characteristics of a selection of steels in furnace atmospheres is 
reported in this paper,* which forms part of a more comprehensive study covering the 


whole range of heat-treatment, forging and soaking pit temperatures found in practice. 
Some of the results are ;resented in an abridged form. 


tion are recorded in Table I. All the steels were 

supplied as forged or rolled bars. The bars were 
machined to 0-60in. in diameter ; specimens 0-4 in. 
long were then sawn from the machined bar and polished 
with 00 emery paper. 

The apparatus and experimental procedure was given 
in an earlier publication.! The only modification made 
in the apparatus for the present survey was the sub- 
stitution of a gas-heated furnace in place of an electrically 
heated one. With this gas-heated furnace, a constant 
temperature zone of 4 in. was obtained at 1,150° C., and 
with reasonable attention the temperature could be 
maintained to within + 5°C. 

A mixture of gases consisting of 80% nitrogen, 10% 
water vapour and 10% carbon dioxide was adopted 
as a basic furnace atmosphere for this work. It repre- 
sents roughly the products of complete combustion of 
producer gas and fuel oil. With suitable additions of 
carbon monoxide an atmosphere resembling that 


"T's composition of the steels used in this investiga- 


* Paper No. 14/1943, of the Alloy Steels Research Committee of the Iron 
nd Steel Institute. Advance copy, March, 1944, 


TABLE I. 
COMPOSITIONS OF STEELS USED IN THE PRESENT INVESTIGATION, 
The principal elements in the steels are set in heavy type. 


Composition. 


| c, | Mm,| si, | 8, | P, | Ni, | cr, | w, | al, 
o o o o » o 
6.13% carbon ..| 0.18 | 0.50 | 0.10 | 0.029 0.030) — 
1.30% carbon 1.30 | 0.36 | 0.19 (0.014) 0.019) — | — 
5.0% nickel ....) 0.14 | 0.35 | 0.22 | 0.031 0.038 | §.12 | — 
2% chromium, | 
34% nickel | 0.36 | 0.63 | 0.14 | 0.012) 0.022) 3.53 — 
4% silicon .....| 0.12 | 0.14 | 3.84 |0.030)/0.042; — | — | — ~- 
18°, chromium, | | | | | | | 
8% nickel 0.11 | 0.27 | 0.19 | Low | Low | 8.50 |17.50' — = 
18% chromium, 
24% nicke --| 0.16 0.30 0. 45 0.026 | 0.032) 2.50 | 17.20) 
12% chromium | 0.12 | 0.25 | 0.54 | 0.021/0.026) — /|12.6€0; — 
3% silicon, 9% | | 
chromium ..| 0.39 | 0.38 | 2.80 | 0.010} 0.020) — | 9.00 — 
8°% aluminium..| 0.12 | — — |} 


| | Low | Low; — | — | 8.92 
13°% manganese | 1.20 (18.05 | 0.49 | 0.035 | 0.031 
20° chromium, | 

7% nickel. | | | 

4% tungsten) 0.35 | 0.50 | 0.50 | 0.038 | 0.025 | 7.00 | 20.00, 4.0) — 
25% chromium, | } | | | 

17% nickel | 0.15 | 0.55 | 1.54 | 0.036 | 0.028 (17.50 | 24.80; — | — 
30° chromium | 0.37 | 0.31 | 0.37 | 0.020) 0.04 — 2960 

| | 


1 A, Preece, G. 'T. Richardson, E. Simister, and J. W. Cobb, Second Report 
of the Alloy Steels Research Committee, Section III, p. 9, The Iron and Steel 
Institute, 1939, Special Report No. 24, 
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obtained by incomplete combustion of the fuel was 
produced. Additions of oxygen, on the other hand, 
gave an atmosphere such as would result from the use 
of excess air in burning the fuel. 

In fuel technology, furnace atmospheres are described 
as neutral, reducing or oxidising according to whether 
they are free from or contain either carbon monoxide 
or free oxygen, respectively. It will be understood that 
such terms refer only to the composition of the 
atmosphere and are in no way concerned with its effect 
on steels exposed to it. In the following text the basic 
atmosphere described above is referred to as the neutral 
atmosphere. 

Plain Carbon Steels 

The scaling properties of the 0-13, and the 1-3% 
carbon steels were very similar in all respects. The 
type of ‘scale produced and the character of the scale- 
metal interface were identical in all the atmospheres 
used in the present investigation ; there was, however, 
a slightly lower rate of scale formation with the high- 
carbon steel in the neutral atmosphere, but this was not 
maintained when SO, was added to the atmosphere, 
and with 0-2%, of SO, in the atmosphere both steels 
gave identical results. 

In the sulphur-free atmosphere, the scale on both 
steels was similar and consisted of two layers, The outer 
layer was highly crystalline, as was illustrated, and 
was very easily detached, revealing a finer crystalline 
inner layer, which could also be removed, though less 
readily, from the metal surface. With additions of SO, 
to the atmosphere the scale surface changed gradually 
from a highly crystalline to a smooth type, until with 
an atmosphere containing 0-05°%, of SO, the specimen 
possessed a flat, crazed appearance. With higher con- 
centrations of SO, the surface showed signs of having 
been semi-molten, and with 0-20°, of SO, a very rough 
disrupted scale was formed in which the macro- 
crystalline character of the surface was completely 
obliterated. 

The scales formed on the plain carbon steels in the 
neutral atmosphere containing appreciable quantities 
of SO, consisted of a layer of iron oxide separated from 
the steel by an iron-oxide iron-sulphide eutectic. The 
mechanism of scale formation under these conditions 
proceeds by the solution of iron in the molten sulphide 
phase at the metal interface and the formation of iron 
oxide where the molten phase meets the outer iron- 
oxide layer. A molten phase in contact with the steel 
at the scaling temperature would thus account for the 
increased attack. The presence of this oxide-sulphide 
eutectic was always associated with intercrystalline 
penetration of the scale into the steel. 

In the neutral atmosphere the metal below the scale 
was decarLurised to a depth of approximately 0-04 in, 
With increasing percentages of SO, in the atmosphere 
the decarburised band became narrower, until with 
0-20°,, of SO, it disappeared completely. The disap- 
pearance of the decarburised band was due simply to 
the fact that the removal of metal by oxidation became 
greater than the rate at which carbon diffused through it. 

The addition of CO to the neutral furnace atmosphere 
caused a slight decrease in the rate of scale formation 
with the plain carbon steels. Adding 4°, of CO 


diminished the sealing of the low-carbon steel by 
roughly 10°, but this amount of CO had little effect 
in the presence of 0-20°, of SO,. Similar results were 
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obtained with the high-carbon steel. The presence of 
CO has therefore little practical value in minimising 
sealing losses, hence no advantages can be clain ed 
for a furnace atmosphere obtained by incompletely 
burning the fuel. On the contrary, it may be stressed 
that such atmospheres almost invariably produce oxides 
which are difficult to remove from the metal either by 
shot-blasting or by pickling. 

When a fuel is burned with excess air, the free oxyyen 
in the resulting furnace atmosphere produces a much 
more severe attack on the steel. As the free oxygen 
content of the furnace atmosphere rose to 2% there 
was a rapid increase in oxidation, but beyond this value 
there was little further increase. This falling-off in the 
effectiveness of the oxygen additions was associated 
with the formation of a smooth skin of ferric oxide over 
the otherwise brightly crystalline surface of the scale, 
and the latter became completely covered with ferric- 
oxide when the free oxygen concentration in the atmos- 
phere reached 2%. 

With a furnace atmosphere containing 0-20°% of SO,, 
the addition of free oxygen produced an increase in 
scaling which reached a maximum at approximately 
1% of oxygen. Additions of oxygen beyond this value 
tended to inhibit the accelerating influence of the 
sulphur dioxide, and with the low-carbon steel the rate 
of scale formation in an atmosphere containing 5°; 
of oxygen was the same whether SO, was present or not. 
The important influence of oxygen in furnace atmos- 
pheres containing SO,, however, was to prevent the 
formation of iron sulphide in the scale and thus minimise 
intercrystalline penetration of the latter into the steel. 
When the oxygen content was increased to 5% no 
evidence of sulphide formation could be found in the scale. 

It will be clear that in dealing with sulphur-containing 
fuels it is not merely necessary to use more air than is 
required for complete combustion, but sufficient to give 
more than 2%, of oxygen in the furnace atmosphere, 
and from a consideration of oxide penetration it would 
be advisable to adjust combustion so as to give a furnace 
atmosphere containing 5% of oxygen. 


Alloy Steels 


Manganese Steel—The presence of manganese 
in steel seems to have very little effect on either the 
rate of scale formation or the type of scale produced. 
In all the atmospheres it was found that the 13% 
manganese steel behaved similarly to the plain carbon 
steels. The results obtained in furnace atmospheres 
containing SO, and/or oxygen were very near those 
for the carbon steel. 

Attention is drawn to the maximum oxidation at 1°, 
of oxygen for the furnace atmosphere containing 
sulphur. In this atmosphere the normal scale was 
covered by a dry powdery overgrowth. With higher 
oxygen content in the atmosphere this powdery over- 
growth became less and with 5%, of oxygen it finally 
disappeared, leaving the usual ferric-oxide-covered type 
of scale. 

5°, Nickel Steel—In atmospheres containing no free 
oxygen or SG, the 5% nickel steel scaled at approxi- 
mately half the rate of a carbon steel. This difference 
between nickel and carbon steels was less when the 
furnace atmosphere contained oxygen or SOQ,. 

The nickel steel showed a higher degree of inter- 
crystalline penetration of scale than the carbon stee!s. 
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After an exposure of 1} hours to the neutral atmosphere 
containing 0-2°% of SO, the penetration of scale extended 
to « depth of approximately 0-002 in. This atmosphere 
was chosen because it represents the most harmful 
set of furnace conditions likely to be found in practice— 
ie., those obtained by the incomplete combustion of 
ciude town gas (600 grains of sulphur per 100 cub. ft.) 
or fuel oil containing 3% of sulphur. The need, there- 
fore, for using excess air in the combustion of sulphur- 
containing fuels for heating nickel steels is evident. 
The structure of the scale formed on the 5% nickei steel 
differed from that on the carbon steel only at the scale- 
metal interface, where there was a dispersion of metal 
particles in the inner layer of scale which was 
less pronounced in scales formed on the carbon 
steel. 

3-5% Nickel, 0-75% Chromium Steel.—This steel 
closely resembled the 5%, nickel steel in its scaling 
characteristics in each of the furnace atmospheres. The 
rate of scale formation and the type of scale formed 
were almost the same for the two steels. There was, 
however, less intercrystalline penetration of the scale 
into the metal with the nickel-chromium steel. There 
was also a finer dispersion of metal particles in the inner 
layer of scale. 

4%, Silicon Steel_—In the absence of both free oxygen 
and SO,, the 4% silicon steel had a comparatively low 
rate of oxidation—i.e., approximately one-fifth of the 
oxidation rate of a plain carbon steel. When the furnace 
atmospheres containcd free oxygen or SO,, however, 
this superior resistance of the 4%, silicon steel 
vanished and the rate of scale formation became greater 
than with the carbon steels. The reason for this 
behaviour was revealed by the structure of the scale 
formed. 

In the absence of both free oxygen and SO,—i.e., 
neutral and reducing furnace atmospheres, the scale 
consisted of a very thin layer of ircn cxide with an inner 
layer of silica-rich material. The degree of resistance to 
oxidation possessed by this steel in such atmospheres 
was undoubtedly due to a low rate of diffusion of both 
iron and oxygen in this silica-rich layer. 

When free oxygen was present in the atmosphere the 
inner scale layer contained another phase, which was 
identified as a eutectic of iron oxide and fayalite. A 
specimen of this eutectic was prepared by melting 
together 15% of SiO, and 85%, of FeO, and the resulting 
structure was found to be identical with the eutectic 
formed in the inner scale layer of the 4°, silicon steel. 
The equilibrium diagram of Bowen and Schairer gives 
the melting point of the eutectic as 1,170° C., and its 
presence in the scale formed on the 4% silicon steel at 
1,150° C. can be accounted for only by assuming the 
presence of additional components, such as iron, etc., 
which would lower the melting-point. The greatly 
increased rate of scaling in the oxidising atmosphere was 
evidently due to the presence of this liquid phase in the 
scale, since only negligible traces of fayalite could be 
found in the scales formed when the furnace atmospheres 
contained no free oxygen, and under these conditions 
mich less sealing occurred. 

This liquid phase at the scale-metal interface was not 
accompanied by intercrystalline penetration of scale 
in‘o the metal as was the case with the steels previously 
di-cussed. The absence of this penetration with the 
sil’con steel is important, especially as this class of steel 
is ‘abricated in sheet form. 


' with the nickel, manganese or carbon steels. 
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A further characteristic of this steel was the extensive 
decarburisation which accompanied scaling. A carbon- 
free zone 0-08 in. in depth was found after 1} hours at 
1,150° C. in a highly oxidising atmosphere—i.e., 75%, 
nitrogen, 10°, carbon dioxide, 10°, water vapour, 5% 
oxygen. Furnace atmospheres containing SO, were 
particularly reactive to the 4% silicon steel at this 
temperature. The attack increased rapidly with the 
smaliest addition of SO, to the neutral atmosphere, and 
0-07% of SO, produced a type of disrupted scale similar 
to that formed on a carbon steel in the presence of 
0-20% of SO,. 

The appearance of a specimen scaled in the neutral 
atmosphere containing 0-20°%, of SO, indicated that 
incipient fusion had occurred. The addition of CO to 
this atmosphere produced a more fluid scale, which 
dripped from the specimen; there was also a further 
increase in the scaling rate. With the present apparatus 
it was difficult to measure accurately the rate of forma- 
tion of scale when it was molten and no values are given 
for this particular atmosphere. 

The behaviour of the 4% silicon steel in furnace 
atmospheres containing both SO, and free oxygen was 
governed by the amount of oxygen actually present. 
Small additions of oxygen accelerated the rate of scaling, 
but above 3% the effect was negligible. Increasing the 
oxygen content, however, produced a more compact 
type of scale. 

The microstructure of the scale formed in the neutral 
atmosphere to which SO, had been added consisted 
chiefly of massive iron oxide with an inner layer in which 
two separate eutectics were visible—i.e., oxide-sulphide 
and oxide-fayalite. A scale containing two liquid pro- 
ducts at the temperature of formation explains the 
increase in attack with the first additions of oxygen. 
The subsequent fall in the oxidation curve as the 
oxygen in the atmosphere is increased to 5% is due to a 
decrease in the iron-sulphide content of the scale. 

The clearly defined decarburised zone found with the 
4°% silicon steel in sulphur-free atmospheres also occurred 
when sulphur was present, but there was no evidence 
of intererystalline penetration of scale into the metal ; 
this is remarkable in view of the fact that there were 
two liquid phases at the scale-metal interface. 

3% Silicon, 9°, Chromium Steel.— In an earlier paper? 
it was stated that at 1,000° C. this steel did not readily 
oxidise except in high-sulphur atmospheres ; a protec- 
tive oxide skin formed on the steel, which became 
unstable only when the SO, content of the furnace 
atmosphere approached 0-1%. At 1,150° C. there was 
no evidence of this protective skin, and scaling was 
consequently more intense, although in sulphur-free 
atmospheres the rate of oxidation was much lower than 
Unlike 
that on the 4% silicon steel, the scale formed on the 
silicon-chromium steel did not show signs of incipient 
fusion in the high-sulphur atmospheres, and, as the 
silicon content of both steels was of the same order, 
this higher melting point of the scale may be attributed 
to the presence of chromium oxide. Decarburisation 
was less severe, but the scale-metal interface was not 
as smooth as with the silicon steel. 

Chromium, Chromium-Nickel and Chromium-Nickel- 
Tungsten Steels.—The results obtained with a range of 


2 A. Preece, G. T. Richardson, and J. W. Cobb, First Report of the Alloy 
Steels Research Committee, Section XI, p. 215, The ron and Steel Institute, 
1936, Special. Report No, 14, 
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chromium and chromium-nickel steels showed that the 
sealing characteristics are intimately bound up with the 
stability of the chromium-rich protective oxide film 
which forms on the surface of the steel immediately it is 
exposed to a furnace atmosphere. These films are less 
stable in furnace atmospheres containing SO,, but free 
oxygen in the atmosphere bas the opposite effect. At 
1,150° C. the 12%, chromium steel had an appreciable 
rate of scale formation, especially in atmospheres con- 
taining SO,, where scaling was of the same order as with 
carbon steels. 

In sulphur-free atmospheres at 1,000° C. oxidation of 
this steel was limited to the formation of a green film. 
This film, however, bad no stability at 1,150° C. and 
normal scale formation occurred. In sulphur-free 
atmospheres, therefore, there is a marked difference in 
the scaling rate at 1,000° and at 1,150°C. The scale 
formed at 1,150° C. consisted of an outer layer of iron 
oxide with a complex inner layer of fine mixed oxides 
and metal particles. The scale-metal interface was 
somewhat irregular and would tend to produce an 
anchoring effect on the scale, making it adherent. 

When SO, was present the scaling rate was greatly 
increased, but in all cases only slight traces of iron 
sulphide could be detected in the scale and consequently 
deep intergranular penetration did not occur. 

Increasing the chromium content of the steel to 18% 
does not appear to produce any appreciable difference 
in scaling properties in the neutral and reducing furnace 
atmospheres, even when they contain SO,. It seems 
that it is only in furnace atmospheres containing free 
oxygen that the increase in chromium content has any 
marked influence, and this is revealed by a tendency to 
strengthen the protective film. But, even so, the stability 
is uncertain. 

The scaling properties of the 18°, chromium, 8°, 
nickel steel were also governed by the breakdown of the 
protective film. The addition of the nickel resulted in 
a lower rate of scale formation, but film breakdown 
seemed to be as uncertain as with the 18°, chromium, 
24°, nickel steel. ‘With both these steels, when 
sealing did occur the structure of the scale formed 
was similar to that obtained with the 12°, chromium 
steel. 

This irregular type of scaling is difficult to understand 
and a number of experiments were made to ascertain 
the factors which govern the breakdown of the pro- 
tective film. The results were only of a negative character 
and are summarised as follows :— 

(1) The degree of surface finish of the steel was of 
little importance, but the method of grinding and 
polishing did seem to influence the formation of a 
more stable film. Vigorous grinding with appre- 
ciable heating of the specimen was more likely to 
vive a surface which remained free from scale than 
careful polishing intended to avoid undue heating. 

(2) Preheating in air to 600° and 1,000° C. and 
also in the neutral atmosphere to 1,000° C. so as 
to form complete films gave only inconclusive results. 

(3) Heating the specimen slowly in the furnace 
atmosphere or placing the cold specimen into the 
furnace at 1,150°C. with the atmosphere flowing 
through it gave no reliable information. 

(4) An increase in the gas velocity over the surface 
of the specimen was without effect, but, on the other 

hand, a reduction in the gas velocity tended to 
secure more complete scaling. 
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(5) The longer the time at the scaling temperature, 
the more likely was the specimen to be completely 
covered with scale, but this scale layer was seldom 
of uniform thickness, indicating that failure of the 
film had occurred at various points on the surface 
of the specimen at different stages during the 
exposure to the furnace atmosphere. 

(6) Additions of up to 5% of hydrogen to the 
neutral atmosphere seemed to have no effect on the 
stability of the film. 

(7) Giving the specimen a high electrical potential 
both positive and negative in turn, and also main- 
taining a high-voltage discharge through the furnace 
atmosphere were all without effect on the stability 
of the film. 

The above results, whilst inconclusive, would suggest 
that this uncertainty in the stability of the protective 
film may be associated with a condition of the specimen 
rather than with the furnace atmosphere. 

In experimenting with more highly alloyed steels, such 
as a 20°, chromium, 7% nickel, 4% tungsten, a 25%, 
chromium, 17° nickel, and a 30% chromium steel, it 
became clear that an increase in the chromium and nickel 
content resulted in a more stable protective film. 

8°, Aluminium Steel.—-In atmospheres free from SO, 
and oxygen, oxidation was confined to the formation of a 
thin film which underwent very restricted breakdown 
at points on the surface to give small black crystals of 
seale. Additions of oxygen to the sulphur-free furnace 
atmosphere produced a greater number of isolated 
patches of scale. 

The scale formed in sulphur-containing atmospheres 
consisted of three zones :— 

(1) An outer layer of massive iron oxide. 

(2) A complex inner layer. 

(3) A modified surface zone in the metal beneath 
the scale. 

The complex inner layer consisted of a grouud-mass of 
iron oxide in which well-defined crystals of alumina 
and minute grains of metal occurred. The modified 
metal surface contained filaments of scale which pene- 
trated to a depth of approximately 0-015 in. 

It may be mentioned that among attempts to produce 
by some pretreatment a stabilised alumina-rich film 
which would resist attack by furnace atmospheres at 
1,150° C., the M.B.V.f process was tried, but was not 
successful. 


THe Minister of Supply bas made a new Order which 
increases the maximum price of Admiralty gunmetal 
scrap of the quality commonly known as ** 88-10-2” 
from £74 10s. per ton, ex works, to £77 per ton, ex works. 
The maximum price of £74 10s. per ton had been in 
force since December, 1942. The increase maintains 
the relation between the maximum price of the scrap 
and the value of the contained metals, and is consequent 
on the recent increase in the price of tin. All inquiries 
should be addressed to the Non-Ferrous Metals Control, 
Grand Hotel, Rugby. 

Copies of the Order, the Control of Non-Ferrous Metals 
(No. 14) (Copper, Lead and Zinc) Order, 1944, which 
came into force on March 20, 1944, may be obtained 
from H.M. Stationery Office, York House, Kingsway, 
W.C. 2, or through any bookseller, price 1d. 


+ Boiling in a solution of chromic acid. 
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Proposed Memorial Lecture to the Late 
Dr. W. H. Hatfield, F.R.S. 


THe many friends and colleagues of the late Dr. W. H. 
Hatfield, F.R.S., will no doubt be pleased to learn of a 
proposal to establish a Memorial to his great services 
to metallurgical science and to his outstanding achieve- 
ment in promoting co-operative research within the 
iron and steel industry. 

This Memorial should, it is proposed, take the form 
of an annual lecture, to be delivered under the auspices 
of the University of Sheffield, in association with the 
Iron and Steel Institute. In order that scientists of 
the highest distinction may be obtained as lecturers, 
irrespective of nationality, it is essential that the endow- 
ment should be sufficient ; accordingly it is proposed 
to aim at establishing a capital fund of not less than 
£5,000. The Lectureship will be administered in 
accordance with the terms of a Trust Deed, and the 
University of Sheffield has agreed to act as Tiustee. 
The lecture will be named * The Hatfield Memorial 
Lecture.” Under the Trust Deed the University will 
determine the place where it shall be delivered on the 
recommendation cf the Lecture Committee. Contri- 
butions to this fund have «!re:dy been promised ; sub- 
scriptions should be sent to :—K. Headlam-Morley, Esq., 
Secretary, the Iron and Steel Institute, 4, Grosvenor 
Gardens, London, S.W.1, who has consented to act 
as honorary treasurer during the collection of the Fund. 
Cheques should be made payable to ‘The Hatfield 
Memorial Lecture Fund.” 


Germany’s Efforts to Meet Its Shortage 
in Industrial Diamonds 
THE most important use to which Germany puts 
industrial diamonds is the tiuing of grinding wheels, and 
it is in this process that shortage causes most incon- 
venience. That the shortage of industrial diamonds is 
making inroads into the German technical system is 
emphasised by the number of articles published recently 
in the German technical press, a review of which has 
been prepared by Mr. P. Grodzinski,* of Research 
Department of Diamond Trading Co., Ltd., London, 
EC.1. These German accounts show clearly that the 
diamond as a tool, wear-resisting and abrasive material 
cannot be excluded from modern industry without 
sacrifices in accuracy, time and labour costs. 

This review of these German accounts of the extent 
to which diamond tools and diamond powder may be 
replaced by other materials in modern industry, is of 
considerable value to engineers in this country, but the 
author considers it desirable to acquaint readers with 
some of the problems encountered when considering 
possible substitutes. 

It is stated that in every undertaking and industry 
there is an obvious desire to avoid the use of the diamond, 
and, from personal experience, the author knows that 
thousands of pounds have been spent by many industries 
to find adequate substitutes for the diamond. It is, 
of course, emphasised that, for many reasons, the 
diamond should only be used when it is suitable or 
essential. Actually, diamond experts are more con- 
cerned about the injudicious use of diamonds in fields 
where suitable substitute materials are known. For 
instance, diamond tool manufacturers are producing 
tiuing tools with truing wheels and glass cutters equipped 
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with rollers, for applications where such tools are con- 
sidered more suitable, and they are in fact recom- 
mending sintered carbide tools where these will give 
better all-round results. 

The relatively high initial cost of the diamond tool 
is a point for consideration, but it is generally realised 
that it is the all-round cost, rather than the initial cost, 
which is of greatest importance to industry, and when 
proper account is taken of the speed of operation, the 
quality of finish, and the small amount of maintenance 
and control work involved, it will be appreciated that 
the diamond has proved its usefulness in modern mass 
production. 

The various tests and investigations recorded in this 
review demonstrate the efforts of the German machine 
industry to avoid, as far as possible, the use of a raw 
material of which they have been in short supply for at 
least two years. But it also shows very clearly that in 
all really important cases diamond tools and instruments 
equipped with diamonds are practically irreplaceable 
and careful study will enable the engineer to determine 
where diamonds are most usefully applied. Certain 
technical advances, made during the war period, in the 
German machine and tool industry, are noted. 


from page 294 


The Editor, METALLURGIA. 
Dear Sir, 

I thank you for your letter of the 12th inst., enclosing 
a copy of Mr. Pamely-Evans’ reply to my criticism. I 
do not think the first paragraph calls for any further 
comment. 

With regard to emissivities I would point out that 
since the furnace control is operated from the load 
temperature, the controller is affected, not by the 
mechanism of heat transfer from radiants to loan, but 
only by the effective value of that transfer at one point 
in the load. 

If transfer were achieved by greater temperature 
differences and smaller rates per degree difference, the 
sensitivity of the furnace would be impaired, due to the 
time lag occasioned by the greater variation in the heat 
content of the radiants themselves—i.e., the ‘‘ heat 
inertia ” of the furnace would be increased. 

Under these conditions also, any irregularities of 
contour of the load, projections, ete., which always 
respond quicker to temperature changes of the radiants, 
would result in a greater variation of temperature within 
the load itself. 

For these reasons—namely, possible overshoot and 
local overheating—lI stressed that the temperature of the 
radiants must be reduced to as near as possible the 
required load temperature as the load reaches that 
temperature, and therefore I conclude that the highest 
possible emissivity is desirable at all times. 

Incidentally, do emissivities approach 100% when 
the load reaches temperature’ Emissivity is a basic 
physical property, and whilst there is some increase 
with absolute temperature, I can find no grounds for 
supposing it is affected by the relative temperature of 
the surroundings.—Yours faithfully, 

E. J. MARTIN, 
A.C.G.1., B.Se., M.Inst.F., A.M.1.Mech.E. 
Templewood Engineering Co., Ltd., 
Slough, 
April 17, 1944. 
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Schedule, B.S./S.T.A.7. These 


the supplies of virgin metals available and also 

to meet the increased demands for non-ferrous 
metals and alloys, many war emergency specifications 
have been issued with regard to such materials. Con- 
sideration has also been given to the bearing metals in 
use in order to conserve available supplies of tin. The 
work of preparing new specifications has been carried 
out by the Non-Ferrous Metallurgy Industry Com- 
mittee of the British Standards Institution, by the Non- 
Ferrous Metals Control and by certain Service Depart- 


_ INCE the beginning of the war, in order to conserve 


ments, and a review of the work done up to the end of 


1942 was given in MeTaLiuraia for September, 1943. 
Since then one or two new specifications have been 
issued, and additions have been made to Service Schedule 
B.S./8.T.A. 7, dealing with the rationalisation of non- 
ferrous metals and alloys for armaments and general 
engineering purposes. Such specifications as have been 
issued and such additions as have been made for 1943 
are now considered. 


New B.S. Specifications 

Two new war emergency specifications are for lead 
alloy pipes and for secondary zine alloy for die-casting, 
and two new B.S. specifications are for the gas welding 
of aluminium and certain aluminium alloys and for 
test-pieces for the production control of aluminium alloy 
spot welds. 

The specification for lead alloy pipes, B.S. 1085 : 1943, 
was prepared at the joint request of the Ministry of 
Works and Planning and the Non-Ferrous Metals Con- 
trol, Ministry of Supply, with a view to ensuring the 
maximum economy in the use of lead as the quantity 
of lead now available for all purposes is extremely 
limited. The composition of the metal, 0-003 to 0-005°%, 
silver, 0-003 to 0-005°%, copper and impurities, not 
exceeding 0-005, 0-001, 0-002, and 0-01°%, of antimony, 
zine, tin and bismuth respectively, differs from that 
required under B.S. 602. It has been found that small 
percentages of alloying materials (copper and _ silver) 
have the effect of increasing the resistance of the pipes 
to creep due to steadily maintained internal pressure, as 
the alloy is capable of withstanding higher stresses than 
those which can safely be imposed upon commercial 
lead. This increase in resistance is such that wall 
thicknesses of pipes and consequently weights can be 
reduced very considerably. Solder joints can be made 
with the new alloy as easily as with ordinary lead pipe, 
and it is just as easy to work and handle. 

The B.S. 1141 : 1943 war emergency specification for 
secondary zine alloy for die-casting has been prepared 
to make use of redundant zine alloy castings A and B, 
conforming to B.S. 1004 : 1942. The ingot alloy metal 
is specified to contain 3-9 to 4-3°, aluminium, not more 
than 1-0°, copper, 0-03 to 0-06°, magnesium, and 
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Non-Ferrous Alloys for War Purposes 


A Review of Recent Schedules and Specifications 


0-10, 0-007, 0-005, 0-005 maximum each of iron, lead, 
cadmium and tin. A Jarge tolerance on copper has been 
allowed, and the limits of other impurities have been 
raised above the low limits of B.S. 1004. On account 
of this tolerance on the copper content, neither the 
dimensional stability and the retention of strength at 
elevated temperatures of alloy A, nor the good castability 
and high tensile strength of alloy B can be consistently 
expected. The initial physical properties of the alloy 
will vary between those of alloy A and alloy B, and it is 
urged that the applications of this alloy should be con- 
fined to uses where maintenance of physical properties and 
dimensional stability are not of primary consequence. 

The gas welding of aluminium and aluminium alloys 
is the subject of B.S. 1126: 1943. This specification 
was prepared at the request of the Welding Industry 
Committee to afford guidance as to the standard which 
should be reached by welding joints in aluminium and 
certain aluminium alloys. The specification refers to 
the welding of aluminium and two types of aluminium. 
rich alloys, the 1-25°%, manganese alloy and the 10 to 
13°, silicon alloy, by the atomic hydrogen process or 
by an oxy-gas process, in which the gas used may be 
acetylene, hydrogen, propane, butane or coal gas. It 
covers material in the form of sheet castings, tubes, 
bars and sections. An appendix includes details of the 
chemical composition, condition and mechanical pro- 
perties of the aluminium and all the alloys quoted 
which are to appropriate British Standards. The quality 
of filler rod, the flux (a suggested composition is given), 
type of joint, mechanical tests, and visual and radio- 
graphic inspection are also dealt with. 

Specification B.S. 1138 : 1943 has been prepared to 
standardise for production control test-pieces for testing 
in shear spot welds between light alloy sheets or strips 
of aluminium base alloys, so that a reliable indication 
of the quality of the weld may be obtained. It does not 
include the shear testing of welds in commercial alu- 
minium. Designs are based on a minimum strength per 
spot weld, and while any serious surface defect present 
may be detected by visual examination, the strength 
and consistency of spot welds must be checked by con- 
trol tests made at appropriate intervals and under 
precisely the same operational conditions as the pro- 
duction welds. As the strength of spot welds is also 
affected within limits by the proximity of other welds, 
welds made singly or the first weld of a series do not give 
representative values, and further, there are normal 
variations between welds made under the same con- 
ditions. Misalignment of welds relative to the line of 
loading may also occur in production control testing, 
even after taking reasonable precautions in preparation 
and testing of specimens. The use of the two-spot 
specimen, whose preparation is described, reduces 
errors due to these causes. Welding procedure, testing 
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provedure and minimum strength requirements are also 
specified. 
Soft Solders 

‘To meet wartime restrictions in supply of tin end to 
effect the maximum economy in the use of tin in soft 
solders without affecting production, an appendix to 
Services Schedule B.S./S.T.A.7 was prepared at the 
request of the Ministry of Supply by the Solde:s Advisory 
Panel of the British Non-Ferrous Metals Research 
Association and issued in August, 1943. 

Economy in tin in solders can be made in three ways : 
(a) By eliminating the use of solder, 
alternative methods of joining, such as welding, riveting 
or brazing: (b) by reduction in the amcunt of solder 
applied. This may be assisted in many cases by reducing 
the cross-section of the solder-stick or wire nor mally 
used. For the joining of lead pipes, wiped joints should 
be retained only in exceptional cases, and the moie 
alternatives described in B.S. 219, Meworen. 
dum 3, should be used. Where these methods aie not 
suitable, as in T joints, and joints in cable sheathing, 
the amount of solder should be reduced to the minimum 
by making the joint as short as possible ; (c) by the use 
of economy solders—i.e., solders containing no tin or a 
smaller proportion of this metal than that which has 
been previously used. The L.S. series of economy soft 
solders is divided into four sub-series which are arranged 
in descending order of tin and form a separate series 
(L.S.) in the lead and alloy group in the Schedule B.S. 
S.T.A. 7. The composition of these solders are given 
in Table T. 

TABLE I.—ECONOMY SOFT SOLDERS’ COMPOSITIONS AND 
PROPERTIES. 


Temp.} Freez 
© omposition. at ing 


Description, 


| Lead-silver-tin ... 300 
Lead-silver-tin ...| 310 
Lead-silver | 


Lead-tin-antimony 
Lead-tin- 
le ad-tin-silver ... 

| Lead-tih 
Antimony-silver .. 

| Lead-tin-silver ... 
Lead-tin-antimony, | 
Silver 


‘ 
Le ad- tin-antimony | 44/45 |2.3/2 
Lead-tin 41 


Lead-tin- 
antimony 


Remaindes, 

Solders in sub-series A, lead-silver alloys with 
without small quantities of tin are used successfully to 
replace high tin solders in certain machine and other 
soldering operations for: both ferrous and non-ferrous 
alloys. These lead-base solders have considerably higher 
melting points than the majority of tin-lead solders, and 
hence higher temperatures are generally required in 
machine soldering and dipping baths, and in hand 
sold: ing larger and hotter irons are required, otherwise 
the use of these solders may result in increased produc- 
tion time. The use of an active flux is also sometimes 
necessary. These solders have notably high strength at 
elev. ted temperatures. 

L-ad-tin-antimony alloys, containing low tin and high 
anti \ony, sub-series B are suitable only for soldering 
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ferrous metals. They also require the use of a high 
soldering temperature and an active flux is sometimes 
necessary. Joints made in these alloys are inclined to be 
brittle, and therefore this type of solder should not be used 
for joints which may be subjected to shock in service. 

Where. the use of L.S./A or L.S./B solders has been 
found impracticable, a considerable tin economy results 
from the use of lead-tin and lead-tin-antimony alloys 
with small additions of silver, sub-series C. In cases 
where an L.S./C solder is used as a substitute for an 
L.S./D solder, experience has shown that such sub- 
stitution can generally be made without serious modifica- 
tion in soldering technique, and where an L.S./D solder 
of the lowest tin content consistent with efficiency of 
operation is already being used, substitution of an 
L.S. C solder will generally enable some economy of tin 
to be made. 

The lead-tin and lead-tin-antimony solders, grades 
C, D, G, Mand N as specified in war emergency B.S. 249 : 
1942 form sub-series D and are used for various pu: poses. 
The use of L.S./D 4 for wiped joints should be restricted. 


Nickel and Its Alloys 

Services Schedule B.S.8.T.A. 7 of non-ferrous metals 
and alloys was prepared from a statement of the joint 
requirements of the Services for non-ferrous metals and 
alloys for armaments and general engineering, purposes, 
As the rationalisation of the whole field of non-ferrous 
metals and alloys required a survey of considerable 
magnitude, and in view of the time likely to be involved, 
only copper and its alloys, Group 1, were dealt = in 
the Schedule issued in 1942. During lest year an 
additional section was added to the schedule inate 
with nickel and its alloys, Group 2. This group covers 
compositions and properties of nickel, N series, and 
nickel-base alloys, N.S. and N.C. series, approved for 
service use, with details of relevant British and American 
Standard specifications and particulars of the uses of 
the respective types of material. 

In the first series two grades of nickel are specified, 
refined nickel N1, and ancdes N2. The former contains a 
minimum of 99°, of nickel with small amounts of lead, 
carbon, sulphur, antimony and bismuth, and is used as 
ingot, shot or pellets suitable for remelting and alloying. 
Wrought metal conforming to this composition or to a 
higher grade of material, is used for specialised applica- 
tions, such as radio valves, electric lamps, depth- 
sounding gear, sparking plugs, ete. Nickel for anodes 


- contains 98-5°, minimum of nickel with small amounts 


of iron, manganese, silicon, copper, zine and carbon, 
It is used for alkaline accumulation parts, and for 
electroplating purposes, including the building up of 
worn or overmachined parts and surgical instruments, 
ete. Its use is restricted. 

The nickel-copper-zine (nickel silver) alloys, N.S. 
series, comprise four alloys containing approximately 
43-48, 17-19, 14-16, and 9-11%, nickel respectively. 
The first of these alloys in the form of sheet and strip, 
rods, tubes, wire and rivets is used for aircraft com- 
ponents, the second in the form of sheet and strip for 
telephone springs, ete., and the third and fourth alloys 
in the form of sheet and strip for instrument parts, 
surgical instruments, electrical apparatus and aire aft 
components. The composition and properties of these 
four alloys are given in Table I. 

Nickel-copper alloys, N.C. sevies, are given in Table ITI, 
together with their condition and mechanical properties, 


Sub | | 
Series, | No, 
j Liquid 
|} Sn. | Sb. | Ag. | Pb. | °C. | 
A | LS/Al 
LS/A2 
LS/A3 | Nil 
B | LS/BI 12 8 — | R | 252) 9 
LS/b2 5 1 -- R | 282 42 
© | 15 1-41 | R,| 218 10 
LS/C2 38 1-7 | 1-22] R | 227 19 
LS/C3 330 | 1-7 | 0-90) R 238 
LS/C4 30 — 0-63 | R 251 73 ig 
» | LS/C3) 28 | 155 0-61) R | M9 | 69 
LS/C6 20 1-0 0-43 R 266 | 86 
LS/D2 | 4) — R | 230 | 47 
Ls D3) (| 39/40 |2/2-4) — R 297 42 
|18/18-5] 0-75/, — | R | 275 | 
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TABLE IL—NICKEL-COPPER-ZINC (NICKEL-SILVER) ALLOYS—N.8, SERIES. 


Composition, Proof | Ult, 

~ —— Stress, Stress,) Elong.) Bring 

No, Description. Condition, Tons / | Tons %. | Hardness, 
Ni. Fe. Mn. Cu. Zn. Pb, s. Others, sq. in./sq. in, 

(A) Sheet and strip 15 35 25 

Ns. 1 R 21/25 1-0 Cold-worked ....... 40 12 
(ky Rod, tube, wire ud - -— 

rivets Annealed ........ -— 35 - — 
Ns, 2 Sheet and strip, including 17/19 29/25 0-03 0-35 - 80/105 
spring Cold-worked ....... - _ 130/200 
NS. Sheet and strip 14/16 60/65 R - — -- 95 max, 
} Cold-worked ....... _ - 125/180 
NS. 4 Sheet and strip . O-25 O-3 60/65 R Annealed. ......... — | 90 max, 


Cold-worked ....... _ — | 115/170 
R = Remainder, 


Monel metal bar, rod, stampings and forgings are used rod and forgings of ‘‘ K ’’ Monel metal used mainly in 
for general engineering and aircraft applications where — the heat-treated condition (aged 4 hours at 590° C. and 
high strength and good resistance to corrosion are slowly cooled) find application for large valve stems, 
required, Material may be manufactured by hot- propeller shafting and forgings, while cold-worked bar, 
working operations when it is suitable for hot stampings, rod, tube, turbine blading, wire and strip of the same 
forgings, ete., while material manufactured by cold alloy used mainly in heat-treated condition (aged 4 hours 
work may be specified either soft, intermediate or hard. at 520°-560° C.) is used for non-magnetic aircraft parts, 
The extra hard grade is available only for special applica- — springs and turbine blading. 
tions, such as turbine blading. Monel tubes are used Copper-nickel alloys, N.C.5 to N.C.8, comprise 
for chemical plant and aircraft tubing ; Monel wire for 60/40 cupro-nickel strip and wire, 70/30 condenser 
filter gauze, springs, and welding electrodes for cast tubes and ferrules, 80/20 strip for aircraft components 
iron; Monel plate manufactured by hot working for and otber limited applications, and 96/4 driving bands 
heavy chemical plant; and Monel sheet and strip for heavy naval shells. 
manufactured by cold working for aircraft components. Nickel-chromium, nickel-iron and nickel-chromium- 
Normal Monel wetal castings and 2-75°, silicon iron alloys are available for special applications where 
Monel metals castings are used for pump impellers and — high electrical resistance, heat resistance, and magnetic 
chemical applications, the latter also being used for properties are required. These have not been included 
3-75°,, silicon Monel metal in the Services schedule, however, owing to their variety 


steam valve lids and seats. 
castings have limited application. Hot rolled bar, and their availability principally as proprietary materials. 


rABLE IIL—NICKEL-COPPER ALLOYS—N.C, SERTES. 


Proof | Uh. 


Composition, 


Ne, Description, | Condition, Tons/ | Tons %. | Hardness 
Ni. Fe, Mn. Al. | Si. Cu, | Pb, c. s. Other sq. in.jsq. in. 
(A) Monel rod, bar, ete, Hot-rolled ........ oe 10 34 35 120/110 
Monel rod, bar and | 7 30 35 «110/120 
turbine blading | Cold-worked ......... 40 190 /210 
Butra-hard ........:. -- 5 18 | 
NC. Monel tubes 63/70 2-0 R | 0-3 | | Anmealed — 29 20 
Cold-worked ......... - 40 
Monel wire - 29 35 
Cold-worked ......... - 2 
ck) Monel plate | 34 120 /lig 
| Cold-worked ......... 5 14 200/224 
NC. 3 Normal Monel castings 63568 | 3-0 (0-5/1-5 O-25/1-2) R 10-1/0-35) 0-06 | O-5 23 16 
(A) 2-75% sl Monet 6s 2-3/3 R = o-oo o-d 33 10 
castings | 
NC. 3 | (BR) 3- 75%, Sl Monel 63.68 3-5/4 R O-1/0-12) 0-05 10/45 Nil 250/260 
custings 
(AY Monel metal 39 35 130, 160 
rod and forgings Hot-worked and heat- 
treated .........5. 60 30 250/280 
Moenel metal Cold-worked ......... 20 220 
Ne. 4 rod, tube, turbine R 20 | 2-0 2/4 27/33 | - Cold-worked and heat- 
wire | 72 15 300, S20 
strip Cold - worked and ; 
| | 120/150 
Cold-worked, softe 
| and heat-treate: 58 “ 240,270 
NC. 6 | 70/30 condeneer tubes . R | - 
NC. 7 | 80/20 strip -| 19/21 | 0-2 0-35 81-79 0-025) 0-25) Annealed ............ 20 33/38 
NC. | 9604 driving bands 95 96 ov 
} i ' 
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THe divergence of opinion regarding how much microchemistry it is advisable or desirable to 

teach to students of chemistry is only one aspect of a much larger issue—the teaching of wp-to- 
date methods in general. Admittedly, there must be no undue economy in the instilling of the basic 
principles of chemistru, but it must not therefore follow that basic principles should, fetish-like, 
blind us to all else. Because the retort was once a stock piece of apparatus in chemical work, no 
one expects that every student should regard the retort as a fundamental part of his equipment when 
he blossoms forth as a qualified chemist. So it seems only reasonable to expect that if the theory 
of qualitative analysis can be adequately taught to a class using semi-micro methods, macro methods 
might well receive only a passing consideration. From all accounts that reach us through the literature 
of education from the United States of America, where more attention seems to be paid to the theory 
of the teaching of chemistry, semi-micro methods have proved their worth as a teaching medium. 
Other methods within the abilities of the average student might at least be taught as an alternative 
to the standard methods if not as a replacement. This raises difficulties, both obvious and less 
immediate. But surely, to the scientist, obstacles are an incentive, not a deterrent. We will advert 
to this subject again. 


Organic Reagents in Quantitative 
Metallurgical Micro-Analysis—Part I 


By R. Belcher and C. E. Spooner 


The theory underlying the application of organic reagents to micro-metallurgical analysis is sum- 
marised. Particular attention is directed to compounds in which some of the principles of complex 
formation are indicated. A subsequent article will review some of the more recent practical methods 
by which these compounds have been utilised in the micro-determinations of metals. 
e 


UANTITATIVE metallurgical analysis has been 

greatly enriched in recent years as a result of 

the research work which has been directed to a 
study of the compounds formed between metals and 
organic compounds. These compounds can be divided 
into two classes, the simpler class consisting of those 
compounds formed by the direct combination of a metal 
with an organic acid to give a normal salt, and the other 
class comprising those combinations which give rise to 
substances which have been termed complex compounds. 
Of these two classes, that dealing with the complex 
compounds has proved the most fruitful in providing 
methods of determination which possess high sensitivity, 
rapidity of operation, and specificity of action. They 
form the basis of spot tests which have revolutionised 
qualitative micro analysis, and are being applied to an 
Increasing extent in absorptiometric methods of quanti- 
tative metallurgical micro analysis. The importance 
of this field is instanced by the number of relevant 
monographs now available, such as those by Prodinger,' 
Feig|,? Strafford? and Vaughan.‘ This article deals with 


Prodinger. “Organic Reagents Used in Quantitative Organic Analysis.” 
Else\ er Publishing Co., New York, 1940, 


2. Feigl. “Specific and Special Reactions,” Elsevier Publishing Co., 


New ork, 1940, 


their application in metallurgical micro analysis, but 
before reviewing recent applications it is considered 
desirable to summarise the theory underlying the 
application of organic reagents to micro metallurgical 
analysis in general, which has been so efficiently exploited 
by Feigl and his co-workers. 

Little need be said about the use of organic reagents 
which give normal salts with metals. The chief advan- 
tages of their use in quantitative analysis is that the 
precipitates obtained with them are easily freed from 
impurities and possess a very favourable conversion 
factor which makes them very suitable for micro- 
quantitative analysis. Anthranilic acid has received 
much attention, but its use is limited because it gives 
precipitates with so many ions. Its chief use lies in 
replacing some of the more conventional weighing forms, 
after separating the particular ion being determined by 
other means—for example, lead can be determined as 
anthranilate, instead of as sulphate or molybdate. In 
certain restricted types of metallurgical analysis it can 
be used when interfering elements may be absent or 


3 N. Strafford. ‘The Detection and Determination of Small Amounts of 
Inorganic Substances by Colorimetric Methods,” Inst, of Chemistry, 1933. 

4 E. J. Vaughan. ‘The Use of the Spekker Photo-Electric Absorptiometer 
in Metallurgical Analysis.” Inst, of Chemistry, 1941 and 1942, 
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conditions chosen which prevent their interference, 
and one such method will be referred to later. Picrolinic 
acid is a more useful reagent, as it can be used in the 
presence of many other ions and is used for the micro 
determination of calcium, lead and thorium. 

The theory underlying the formation of complex 
compounds is by no means complete at the present time, 
Lut the main outlines have been established for a number 
of years. The basis of this theory was first laid down by 
Werner in L891, who proposed that certain atoms have 


a tendency to attach to themselves a definite number of 


other atoms or groups. This property is additional to 
tre normal valency of the atom, and he called it the 
co-ordination number, each atom having a maximum 
co-ordination number, usually six or less often four, 
although it can also form co-ordinately unsaturated 
molecules in which this number is not reached. The 
explanation of this property which has since been made 
by the electronic theory of valency is that whereas in 
electrovalency an atom completes an octet of electrons 
in its outer electron shell by the transfer of an eiectron 
from one atom to another, thereby producing electrically 
charged ions, and in covalency the outer octet of electrons 
is completed for each of two atoms by the sharing of two 
electrons by these two atoms, each contributing one 
electron, in’ the co-ordinated complex compounds the 
valency group is made up to an octet of electrons, or for 
certain atoms is increased to 12 electrons, and both of 
the two electrons in the additional pairs are contributed 
by the same atom. Such a valency linkage is called a 
co-ordinate link, and differs from covalency only in that 
both of the two electrons shared by the two atoms so 
joined are contributed by one of the atoms. 

On the basis of Werner's Theory complex compounds 
are classified into three main types, which are called 
addition compounds, intercalation or penetration com- 
pounds and inner complex compounds. There are a few 
special compounds which fall outside this classification, 
hut the vast majority of complex compounds, and 
especially those which are used in metallurgical analysis, 
fall into it. 

In the addition compounds the co-ordination of further 
atoms or groups on to the central co-ordinating atom 
strengthens the valency bonds already present. Thus 
chromic chloride will form a complex compound with 
pyridine, wherein three pyridine molecules are co- 
ordinately linked to the chromium atom. In aqueous 
solution this complex compound is a non-electrolyte, a 
fact which is expressed by the co-ordination formula 

Cl. 

Cl. Cr .Py 

Cl. 

Consequently the co-ordination of the pyridine molecules 
on to the chromium atom so strengthens the bonds 
already existing between the chromium and chlorine 
atoms that they become stabilised and non-ionic. How- 
ever, it is not a prerequisite property of addition com- 
pounds that they shall be non-ionic, for example, cobalt 
nitrate forms an addition compound with potassium 
nitrate—-namely, (Co(NO,),)K,, and this is ionised in 
solution. It is called an addition compound because 
the bonds between the cobalt atom and the nitrate 
radicals originally present in cobalt nitrate are so 
strengthened in the addition compound that they are 
not broken when this compound ionises. 


The term intercalation or penetration compound s 
derived from the fact that in these compounds the 
valency bonds originally present in the parent substan: e 
are weakened by the formation of a complex compouni, 
and the entrance of the co-ordinated ligands, as they 
are called, can be regarded as entering between thie 
radicals originally present. An example is the complex 
compound copper tetraminine sulphate— 


NH,. .NH,4++ 
Cu 
NH,. .NH, 


‘in which only the ammonia molecules are bound com- 


plexly to the copper ion, and the sulphate ion remains 
electronically bound. It is possible for ring systems to 
be formed in these penetration compounds and this 
usually occurs when ethylene diamine is the added 
ligand. Thus the cadmium ion forms the complex ion— 


H H, ++ 
H,C——Ny N——CH, 
| Cd | 
H,C——-N N——CH 
H, H, 


This is, however, still a penetration compound and not 
an inner complex compound, as will be explained in the 
next paragraph. 

Inner complex compounds, which constitute the third 
type of complex compounds, always contain a ring 
system. This ring system in inner complex compounds 
is always formed by a metal replacing a hydrogen atom 
of an acidic group in a molecule and then forming a 
co-ordinate linkage with another part of the same 
molecule. Thus, in inner complex compounds, the 
co-ordinating atom is always bound by a salt-like co- 
valency and a donated co-ordinate valency to the same 
ligand. The formation of this ring system depends upon 
several factors, including the nature of the metal atom, 
the position of the salt and complex-forming groups, 
and the structure of the remaining part of the added 
molecule. 

The relative positions of the salt and complex-forming 
groups gove?n the formation of inner complex compounds 
because in ring formation a bending or straining of the 
valency linkages is liable to occur. These st.aining 
forces were explained by Baeyer’s strain theory, which 
shows that five- and six-membered rings possess the 
least amount of strain. The co-ordinate linkage is the 
weakest type of valency bond, thus, while compounds 
are known containing rings with any number of atoms 
from 3 to 18, stable inner complex compounds are only 
to be expected when an atom can form part of a five- 
or six-membered ring.. This limitation reduces the 
number of inner complex compounds which are purely 
inorganic, and inorganic complex compounds are mostly 
addition or intercalation compounds. Complexes formed 
by the co-ordination of organic compounds, on the other 
hand, because of their variety and the possibility of 
introducing acid groups as well as groups endowed with 
auxiliary valencies into the molecules of organic com- 
pounds, comprise the most prolific type of organic 
reagent, and the possibilities of research work in this 
direction have by no means been exhausted. 


The nitrogen atom and, to a less extent, the oxygen 


atom, have the greatest tendency to donate a pair of 
electrons for the formation of a co-ordinate linkage, 


~ 
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thus most of the organic reagents used at the present 
tine for the formation of these complex compounds 
coiitain a nitrogen atom in a suitable position for co- 
ordination. The structure of the remaining part of 
the molecule nevertheless bas an effect on whether this 
co-ordinate linkage is formed by the nitrogen atom or 
not. Thus the three compounds— 


CH, CH, 
CH, CH, CH, CH, 
| | | 
CH, CH—HC_ CH, 
‘NH NH 


all form with ferrous salts intensely red complexes which 
are soluble in water and stable towards acids. On the 
other hand, the following compounds do not react with 
ferrous salts :— 
; 


NH, | NH, : CH, 


N } 


A\COOH COOH 


| | 


| 


N N N N 
Thus the substitution of two CH, groups, or two COOH 
groups, or other groups into the molecule can rob the 
nitrogen atom of its co-ordinating power. 
The complex compounds referred to in the preceding 
paragraph are penetration compounds, but the same 
influence is noticed in inner complex compounds. This 


is illustrated by the action of the dioxime group with 
nickel. Dimethyl glyoxime, 
CH, = Cc Cc 
I i 
NOH NOH 
gives « red complex compound with 
usually given the formula—- 
CH, C= N N=C 
-C= N N=C— CH, 


CH, 


nickel which is 


— CH; 


OH OH 


A similar compound is produced by o — cyclohexane 
dione dioxime, 
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but if the dioxime groups 
CH, are associated with unsat- 
| urated eromatic rings as in 


CH, 


Cc 


= NOH 


and 


\/ = NOH 


then the power to form inner complex compounds with 
nickel is lost. 

The influence of the nature of the metal atom on the 
formation of inner complex compounds is illustrated 
by the fact that the copper salt of amino acetic acid 
is a typical inner complex compound, while the zine 
and cadmium salts, on the basis of their conductivity 
in aqueous solution, cannot be inner complex com- 
pounds. Similarly, where a nitrogen atom is linked 
cyclically in the « -position to a carboxyl group as in « 
~ \ COOH and analogous compounds, 


AN 


such compounds do not give inner complex compounds 
with copper, but always produce them with ferrous salts. 
This individuality shown by metals in their property 
of forming inner complex compounds ig of great 
importance from the analytical standpoint, as it deter- 
mines whether a reagent is specific—that is, characteristic 
for one metal only, or not. 

Although there is still much empiricism attached to 
the investigation of new organic reagents, within certain 
limits it is possible to adopt a methodical line of investi- 
gation. Thus the dioxime grouping is considered 
specific for nickel, the >C(QH) — C(NOH) group for 
copper, and the -- CO — CH, — CO for thallium. How- 
ever, unless the correct conditions are chosen, it is 
possible to get precipitates with other metals with all 
these reagents. Nevertheless, such. a classification is of 
great importance in guiding the lines of further research 
work. 

The reason inner complex compounds are of such 
importance in analytical chemistry is because the 
formation of a ring system stabilises the molecule. It 
also saturates the combining power of the metal atom 
and inhibits both a dissociation and an addition of 
water molecules, thereby inhibiting hydration and 
solubility in water due to the metal atom. The organic 
character of the reagent also comes into play and causes 
the compounds to be soluble in organic solvents and 
insoluble in water, and this greatly increases their 
sensitivity. The ring structures produced also cause 
the complex compounds to have characteristic colours, 
which is made the basis of spot-testing and absorp- 
tiometric analysis. 

To increase the use of these compounds in analytical 
work several devices can be employed. The first of these 
to be dealt with has been termed masking—that is, when 
a reagent normally reacts with several metals and is 
said to be selective for these metals, it can be made 
specific for one metal by variation of the external 
conditions under which it is used. The external condition 
most easily varied is the pH value, and the adjustment 
of the acidity to an exact value will often make a reagent 


picelinic acid 


|_| 
—NOH 
\HC 
NOH 
N N 
| 
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specific for one metal. Another means of varying the 
external conditions is to remove the interfering material 
by the formation of a soluble complex substance prior 
to the addition of the reagent used for the specific 
determination. An example of this is the use of 
aa dipyridyl or of aa pbenantholine, which, as already 
stated, give deep red complex ions with ferrous salts, to 
prevent the interference of iron in the precipitation of 
magnesium, beryllium, aluminium and titanium. 

Other methods that are used to increase the use of 
these reagents is by varying the structure of the mole- 
cules containing the active groups. It has already been 
pointed out that the structure of the organic compound 
containing the active groups has an effect on whether a 
complex compound is formed or not. In a similar 
manner it will have an influence upon the sensitivity 
of a reaction, thus cyclohexanedione dioxime is twice as 
sensitive as dimethyl glyoxime in the detection of nickel 
in spite of the fact that cyclohexanedione dioxime is 
easily soluble in water and dimethyl glyoxime has to be 
used in alcoholic solution. Therefore with a knowledge, 
and the preservation, of the special action of certain 
groups it is possible, by introducing other groups or 
general preparative procedure, to so alter the molecule 
of the reagent that its analytical property is improved 
and adapted to the conditions required. There are two 
general principles which can be applied for this purpose, 
the first is that the sensitivity of a specific group in an 
organic reagent rises considerably with increasing 


HILE the most prominent advantages of micro- 

analysis—i.e., saving of time and of materials— 
are not always so obvious in the analysis of fuels as in 
many other branches, occasions arise when micro- 
technique proves not only preferable, but, in fact, almost 
essential. This will often be so in research problems 
where, for example, only very small samples of various 
fractions are available. 

To meet such demands, micro methods have therefore 
been devised, and typical applications to solid fuels 
have been summarised in two recent articles.’ Some 
fuel methods have been suitable for adaptation to the 
micro scale without any pronounced alteration, while 
other conversions have demanded the devising of new 
procedures, 

Attention is first directed to the increased necessity 
for care in sampling, requiring that all material to be 
sampled should pass BSS 120 mesh. As a result, moisture 
is lost in preparation of the material, and as-received 
moisture must first be determined on the macro scale. 
However, air-dried moisture can then be determined 
on the micro scale. A special apparatus built up from 
two small electric furnaces permits the latter operation 
and ash determination to be carried out on a single 
5-10 mgm. sample. Dry nitrogen passed over the 
sample ina boat in the first furnace removes the moisture, 
which is estimated by loss in weight. The boat is then 
transferred to the second furnace and the fuel ashed 


carefully in an oxygen stream at 950° C., the weight of 


ash being then determined, 
Volatile matter may be determined by a modification 


: 1, Belcher and Spooner, /ron and Coal Tr. Rev., 1944, 148, 79, 134. 
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Thus a—naphtha. 
is 150 times as effective in 
| | the detection of bismuth 


molecular weight of the reagent. 
quinaldine A\ 
as is picoline 


CH; 


N N 


The second general principle applicable for increasing 


the adaptability of a reagent for a particular procedure 
is most easily illustrated with reference to solubility in 
water. It is known that ethyl alcohol is completely 
miscible with water, but when the oxygen atom is 
replaced by a sulphur atom the resulting ethyl 
mercaptan is only very slightly soluble in water. Thus 
the replacement of a single atom can have a profound 
effect on solubility and greatly improve the sensitivity 
of a reagent. 

This completes the brief review of the theoretical 
aspect of complex organic metal compounds in which 
some of the principles underlying complex formation 
have been indicated. For a more detailed treatment the 
texts by Feigl, Pfeiffer and Prodinger should be con- 
sulted. In the second part of this article we shall briefly 
review some of the more recent practical methods by 
which these compounds have been utilised in the micro 
determination of metals. 


of a macro method, using 3 mgm. instead of the 1 g° 
sample required by the older method. Oxygen-iree 
nitrogen is passed over the sample, which is heated 
at 925° C., after all the air has been swept out of the 
furnace. 

Carbon dioxide in mine dusts may be determined 
either directly or indirectly. In the former case the gas 
is liberated by acid and absorbed in baryta, which is 
then titrated. In the second procedure the ash is 
treated with excess standard acid, and the excess 
determined by titration with N/100 alkali. 


Carbon and hydrogen in solid fuels may be determined 
either by the Pregl method or the Friedrich method, the 
latter, which employs a combustion tube containing a 
platinum contact, being the more convenient. Starting 


with a single 5 mgm. sample of mine dust, it is actuaily- 


possible to determine moisture, ash, carbon and hydrogen, 
and carbon dioxide by the indirect method. 

Kjeldahl or combustion methods may be applied for 
determining nitrogen, the precise method used depending 
on the nature of the fuel. Sulphur cannot be determined 
by any direct modification of the Pregl procedure because 
of the formation of stable sulphates in the ash. These 
sulphates may, however, be decomposed by burning the 
sample, covered with alumina, at 1,350°C. The gases 
from the combustion are then passed through 1° 
hydrogen peroxide, which retains the sulphur oxides 
as sulphuric acid and the chlorine as hydrochloric acid. 
Total acid is first determined, and then hydrochloric 
acid (by mercury oxy-cyanide), giving sulphur by 4 
difference calculation. 
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Production of Iron Sponge at Soderfors 
by the Wiberg Method 


By Einar Ameen 


HE production of pig-iron from 

iron ore, for the subsequent 
production of malleable iron, is a some- 
what roundabout method, and the 
problem of producing iron directly 
from the ore has, therefore, long been 
of great importance. The theoretical 
basis of a suitable process was laid 
down in 1918 by Professor Wiberg. 


Ore enters 


C + CO, = 2CO_ being endothermic, 
heat must be supplied, and this is 
provided by the electrical energy. The 
remaining gas (one quarter) passes 
farther up the shaft where an air- 
intake causes it to be burnt, thus heat- 
ing up the ore to 900°- 1,000° C. 

After some years’ experimental work 
with small plants a furnace capable of 


Prehea ting zone 


3Fe,0,+ 15C0,«6Fe0+4.5C0, 


Prereduction gone 


Carbon charged «300 


asc 


4sco,-9co an 


6 Fed 
45C 4500, +9CO = 18CO 6FeQ + 18CO = 6C0,+ 1200+ 
Electric are 
furnace 


producing co 


Reduction zone 


Cooling gone 


{ 45 C0, ——- 


6fe ‘ron 


exit gases . 


Here air is 


introduce 
and the CO 
burnste CO, 


Fig. 1.--_Diagram of Wiberg process. 


In principle, the method, which is 
shown diagrammatically in Fig. 1, is 
as follows: The ore, either in sintered 
form, or in the form of uncrushed ore 
of high-iron content, is charged into the 
furnace, which works on the counter- 
eurrent principle. 

In the lower part of the shaft CO is 
passed in at a temperature of 900°— 
1,000° C. The gases passing up the 
shaft reduce the ore to iron, and the 
CO, content of the gas rises to 25-30, 
and equilibrium between FeO, CO, and 
CO being set up. Three-quarters of the 
gas is sucked out by means of fans into 
an cleetric are gas producer, in which 
it is reduced to CO. The reaction to 


Fi m Jernkontorets Annaler, 127 (8), p. 277, 1943. 


Sponge 


producing 10,000 metric tons per year 
was laid down in Séderfors by the 
Stora Kopparbergs Bergslag Company 
in 1932. This is illustrated in Fig. 2. 
This plant could not be run continu- 
ously because the producer became 
gradually clogged with charcoal dust, 
and also the fan went out of action 
after a time. These difficulties were 
partially overcome by redesigning the 
producer, and the fan was made, first, 
from a cast 18% Cr, 20° Ni, 0-08% C 
heat-resistant steel; and finally, from 
a similar steel forged, and with 
titanium added. The form finally 
adopted for the producer was as shown 
in Fig. 3. This type had a lower 
electrode of the Soderberg type and a 


Fig. 2.—Iron sponge furnace at Séderfors. 


. through a 


600-mm. dia. carbon electrode in the 
top. The upper electrode still caused 
occasional stoppages. 

The installation, after further minor 
alterations, finally left the experi- 
mental stage in 1941. 

Considering Fig. 2, which repre- 
sented approximately the final form, 
the ore, or sinter, was led in at 1. 
The shaft was lined with fire-bricks, 
and had a wall thickness of about 
900mm. This was surrounded by a 
sheet-iron cover. Between this and 
the brick layer was an intermediate 
layer of ‘Sil-o-cell” heat insulating 


powder. The various dimensions may 
be judged by the fact that the total 
height of the shaft from the ground to 
the top of the entrance chamber was 
24mm. The gas was led in at (2) 
ring conduit, and then 
through a number of narrow tuyeres in 
the shaft (3). The gases were led out 
through four exits (4). The air for the 
combustion in the upper part of the 
shaft entered through 12 tuyeres, and 
the used gases finally left by the chim- 
ney (6). The chimneys had valves to 
regulate the pressure in the shaft. The 
lowest part of the shaft was sur- 
rounded by circulating water (7). The 
sponge left the outlet (8) into the 
container (9). The gases from (4) 
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passed through the circulating fan (10), 
which could deal with 110 m*/mm. at 
360 mm. pressure and 800° C., 2,950 
r.p.m. 
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Fig. “4 gives a summary of the 
temperatures and pressures in various 
portions of the plant. The gases 
leaving the shaft at A must be cooled 
to 650° C, to go through the blower, 
which will not stand a high tempera- 
ture. In the lower part of the shaft 
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suitability of the ore can be increas. d 
by pretreatment. 

The -possibility of using fuels ot] or 
than charcoal was considered ; wood 
was incorporated with the charcoal up co 
30°. Above this its use was impract.c- 
able on account of moisture. Coke up 

to 40% was tricd, 


and, contrary to 


| | 
expectation, was 
§ found to reduce the 
| Output of CO,. Its 
| use, however, re- 
3 quired the insertion 
8 of a filter to remove 
REN the sulphur in the 
Pressure.inm tt, > 
gases. 
om ° In the discussion 
Professor Wiberg 
be explained that the 
1 process was designed 
! in the first place to 
Bsn obtain maximum 
efficiency of energy 
@. 4. emperature and pressure conditions in the the question of 


The gas producer was lined in the 
sume way as the shaft, the outcr cover 
being, in this case, non-mageretic 
18:8 Cr-Nisteel. The producer in the 
diagram had three Soderberg electrode 
pairs, 300mm. dia., passing dow. 
through a collar, each eleetrode pair 
being coupled to its Owa single-phase 
transformer. The transformers were 
400 kw. at 55-90 volts. The carbon 
was fed in through (12) from. the 
carbon container (13), of l4m.4 
capacity. The dust acd ash had to be 
shovelled out at the bottom. 

As regards the practical running of 
the furnaces, the producers are started 
up some time before use to warm up 
the plant, and the shaft is then filled 
with good, porous sinter. By regulating 
the voltage of the transformers the 
producer action is regulated and, 
thereby, the temperature of the gases 
to the shaft. This is between 950 
1000° C, Above 1,000° C. there is risk 
of coagulations in the shaft, and below 
950° C. there is a reduction in speed of 


working. 


iron sponge installation. 


the reaction FeO CO = CO, Fe 
is exothermic, and the heat loss is 
small, so that the temperature remains 
high. Above A.the reaction Fe 30, 
CO 8 FeO CO, is endothermic, 
and the temperature sinks to 850°C. 
In the higher zone, where the gases 
are burnt, the temperature rises to 
1000 C.,. and above this the ore 
entering the shaft cools the tempera- 
ture to 100°C. The gas eatering the 
producer has a CO, content of about 
30°,, while that leaving it has only 
2°,, which indicates a high efficiency. 
The following table indicates the con- 
sumption and output for the period 
February 16th to 20th, 1943: 


Production ........22°5 metric ton Sponge/24 hours 
ler metric ton Sponge ; Elecrtical energy 70 kwh, 
175-7 kg. 
Electrodes (Soderberg) == 3-05 ke. 


Calorimetric value of charcoal psity, 17-5 ke./hil, 


With a given size of furnace output 
is dependent on (a) temperature and 
composition of ingoing gases, (b) speed 
of gas circulation, (c) quality of the ore. 
The correct composition of gas is easily 
achieved, and its temperature is so 
closely defined within practical limits 
that not much can be done here. 
Increase in the speed of circulation 
inereases output. Above a certain 
limit, however, the amount of CO, in 
the gases entering the producer is 
reduced, since the ore is not reduced 
sufficiently rapidly for the CO, to be 
increased to the required theoretical 
value of 30°,, and the electricity and 
charcoal consumption per ton reduced 
iron automatically increases. The 


whether iron sponge 
or Cast iron was produced wasof second- 
ary importance. The same principle 
can be used for pre-reduction of ore in 
the electrical cast-iron production 
plant, whereby the ore is only pre- 
reduced to about 20-60°,. The gas 
from the melting furnace is used in the 
pre-reduction shaft. 


Brazilian [ron Ore Mine 
A DEPOSIT of 15,000,000,000 tons 


of high-grade iron ore near 
Itabira, Brazil, will be developed in 
1944 to supply ore to the United States 
and Great Britain. Power will be 
transmitted at 69kv. from a hydro- 
electric plant at Bello Horizonte to an 
outdoor sub-station, and a branch will 
be run to a similar outdoor sub-station. 
Each 2,000 kva. unit sub-station will 
step down to 2,400 volts for supply to 
drives for compressors, crushers, con- 
veyers, and a pole-line feeder to the 
first place to be mined. 

The ore will be mined in benches, 
drilled and blasted, and loaded into 
Diesel trucks by 4-yd. (3-65 m.) 
electric shovels. After primary crush- 
ing at the north end, six tandem, 
downhill, 125 h.p. conveyers will carry 
the ore to the secondary crushers, a 
mile (1-6 km.) away to the south. The 
ore will then be stacked, after which it 
will be reclaimed by tunnel and cross 
conveyers which load railroad cars tor 
shipment to the sea-coast, 350 miles 
(550 km.) away. 


From G.£, Review, January 1, 1944. 
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Electrochemical Removal of Broken Tools 
By J. L. Bleiweis and A. J. Fusco 


HE problem of salving and 

utilising all materials, especially 
in time of war, is an important one 
for any industrial establishment. Many 
castings in industry have to be rejected 
because various industrial tools, such 
as drills, reamers, taps, ete., have 
broken off in these castings in such a 
manner as to defy removal without 
seriously injuring the castings beyond 
the point of utility. In order to cope 
with this serious problem an electro- 
lytic process has been developed 
whereby broken steel tools can be 
removed from aluminium and its 
alloys, and in the course of the develop- 
ment of this process the removal of 
broken tools from many other metals 
was also developed. 

The process is based on the principle 
that the solution of metals in various 
electrolytes is enhanced if the metal is 
made the anode in ‘an elegtroiytic 
process. For this application, however, 
it is necessary that the broken tool 
should be dissolved selectively without 
solution of any portion of the part to 
be salvaged. When applied to the 
combination of steel in aluminium, 
difficulty arises from the fact that 
aluminium is above iron in the electro- 
chemical series and, therefore, more 
active. This complicates the problem, 
because optimum removal of broken 
steel tools will be effected only if little 
or no aluminium will be removed. 
Fortunately, however, aluminium 
under certain conditions: will build 
up upon itself a protective oxide 
coating which, if it is non-porous and 
insoluble, will completely protect the 
aluminium from further attack. 

The best solution for the removal of 
steel parts from aluminium castings 
was found to be a saturated solution 
of ammonium sulphate (750 grms. per 
litre). - In many instances parts may 
be immersed in a tank as the anode 
in an electrical circuit, with ammonium 
sulphate as the electrolyte, and by 
electrolysis the broken steel tools may 
be removed simply and with no 
detrimental effect to the aluminium. 
This batch process is only applicable, 
however, when the part to be salvaged 
contains no metallic insets other than 
tle part to be removed. Where such 
sets are present a special electrolytic 
a) paratus was designed for the purpose 
©: loealising the electrolytic action 


rom Metals and Alloys, 19143, vol, 18, No. 5, 
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over the area of the broken tool to 
be removed. 

Following the development of an 
apparatus on a laboratory scale, a 
commercial set-up was devised. This 
apparatus consists essentially for a 
hard rubber tube, the *‘ Driller,’ with 
a length of hollow aluminium or Monel- 
metal tubing, which acts both as a 
cathode for the electrolytic process and 
as a conduit for recirculation of the 
electrolyte fitting through it. The top 
of the aluminium tube is connected to 
a suction manifold, and suction is 
obtained by means of a Monel-metal 
suction pump, which assures automatic 
recirculation of the electrolyte. The 
bottom of the aluminium cathode tube 
is fitted with a small rubber or acid- 
impervious tip, which has cut-outs at 
its lowest end to allow free solution 
flow and to prevent the cathode tube 
from contacting the casting at any 
time and causing short-circuiting. The 
voltage usually used varies from 24 to 
50 volts. 

In operation, the centre tube is 
adjusted so that the acid-impervious 
tip rests on the broken steel piece. 
The electrolyte is then allowed to flow 
into the “driller”? from the solution 
supply vessel at the rate which gives 
maximum current. Recirculation is 
effected and leakage prevented by the 
suction built up by the pump. As the 
electrolytic tool removal proceeds, the 
cathode tube moves down into the 
hole so that the distance between the 
anode and cathode remains constant, 
and the current remains substantially 
constant also. When the ammeter 
registers zero, the removal of the steel 
tool is complete, and the hole occupied 
by it is washed out with water and 
1: 1 phosphoric acid. 

The electrolytic removal of broken 
tools from magnesium is accomplished 
with the same apparatus as_ that 
described for aluminium, with modi- 
fications of materials only. The 
electrolyte is mainly 48 to 52% 
hydrofluoric acid with additions of 
inhibitors such as isopropyl alcohol, 
other alcohols, or organic compounds 
which will retard corrosion of the 
magnesium, and will not inhibit solution 
of the broken tool. The process can 
also be adapted by the use of suitable 
electrolytes for the removal of brass or 
bronze studs from aluminium; steel 
studs from copper and 
steel tools or 


tools and 
copper-base alloys ; 
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studs, brass or bronze studs from 
Monel metal; and steel tools or studs, 
brass or bronze studs from stainless or 
corrosion-resistant steel. 

The straight chemical or immersion 
process of removing broken tools from 
various metals has the advantage of 
being able to handle larger quantities 
of parts at one time, requires no equip- 
ment other than an immersion tank 
and possibly a temperature-control 
device, and features simplicity of 
operation with very little supervision 
or maintenance. The immersion 
method, however, has certain dis- 
advantages which are inherent in the 
process, such as deterioration of 
certain finishes, effecting slight surface 
etching in some cases, and being 
inapplicable in cases where immersion 
will remove metal portions which 
should not be removed. 

Removal of broken tools by chemical 
and electrolytic methods has certain 
advantages over mechanical methods. 
Threaded parts may be removed as 
easily as unthreaded parts, and 
hardened steel tools are removed as 
easily as softer studs. Tightly wedged 
broken tools present no difficulty and 
no surface-marring, due to chemical 
gouging, occugs at any time. 


Production of Low- 
Sulphur Sponge Iron 


By R. C. Buehl and 
E. P, Shoub 


PRACTICAL method of  pro- 

ducing sponge iron of  low- 
sulphur content in rotary kilns from 
iron ore, and commercially available 
solid reducing agents has been 
developed by the United States Bureau 
of Mines. The new feature of the 
method consists in the use of a reducing 
agent prepared by heating an intimate 
mixture of coal and limestone in 
standard cooking equipment.  Pre- 
viously, a major difficulty in producing 
sponge iron to use as a substitute for 
steel-melting scrap has been the high 
sulphur content of the product ob- 
tained when coal or coke of the usual 
sulphur content is the reducing agent. 
Introducing lime, or limestone, into 
the feed of the kiln results in some 
decrease of the sulphur, and when low- 
sulphur coals are employed the sponge 
iron produced has a sulphur content of 
about 0-05%. However, coals with 
such a low-sulphur content are not 
available in many sections of the 
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country, and the addition of lime to 
the feed, when higher sulphur coals or 


their cokes are used, does not produce 


a sponge iron with the low-sulphur 
content desired for electric or open- 
hearth melting stock. 

Recently, work was undertaken by 
the Bureau of Mines on the production 
of a low-sulphur sponge iron. These 
operations are being performed in a 
small fired rotary kiln 
capable of producing about 1} tons of 
Specially pre- 


internally 


sponge iron per day. 
pared low-temperature coke with an 
average sulphur content of 0-9%, was 
used as the reducing agent. Powdered 
limestone (rock dust) was intimately 
mixed into it to the extent of one-fifth 
the weight of the coal. This coke was 
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ground to pass a 4-mesh screen before 
being used in the kiln. Chateaugay 
ore, a New York magnetite, when 
reduced with this “‘ lime coke,” gave 
a sponge iron with a sulphur content 
ranging from 0-04 to 0-07%, and with 
an over-all average of 0-059%,. 
Laboratory tests have indicated 
that low-sulphur sponge iron can be 
produced by this method when non- 
coking as well as coking coals are used, 
even when the sulphur content is above 
that normally employed in ferrous 
metallurgical operations. The tests 
are being continued. The processes 
being developed are applicable to the 
production of sponge iron in standard 
internally fired rotary kilns, such as 
those employed by the cement industry. 


Effects of Various Elements on the 
Hardness and Rolling Textures of Copper 
By R. M. Brick, D. L. Martin and P. P. Angier 


HE work-hardening  character- 

istics, softening temperatures and 
rolling textures of ten binary 
alpha-solid solutions of copper under 


controlled grain-size conditions, and 


pure 


at various solute concentrations, were 
determined. The alloys experimented 
with consisted of twelve copper-zine 
alloys (0-94 to 38-3°, zine); six 
copper-nickel alloys (1-1 to 30-6, 
nickel); six copper-manganese alloys 


(1-02 to 10-03%, manganese); five 
copper - aluminium alloys (0°55 to 
7°99°, aluminium); five  copper- 


silicon alloys (0-11 to 2-°34°, silicon); 
five copper-arsenic alloys (0-47 to 
4-98°, arsenic) ; two copper-antimony 
alloys (0-75 1-2%, antimony ; 
two copper-cobalt alloys (1 and 1-56 
cobalt); two copper-tin alloys (2-28 
and 3:°37°, tin); and a commercial 
copper-nickel-zine alloy (64°53°, cop- 
per, 18-09°, nickel, 16-50%, zine). 
Castings were homogeneized by heat- 
ing from4 to 400 hours at temperatures 
close to th» solidus, depending on the 
kind and amount of solute present. 
Dises cut from the bottom third of the 
cold-rolled to a 


and 


various were 
reduction of 40°,, annealed | hour at 
700° C., rolled to a reduction of 20°, 
and annealed to a uniform 0-090 mm. 
For the 


> pecimens 


Ingots 


grain size. solid-solution 


experiments, were then 
annealed at the individual tempera- 
tures required ‘o uniform 


0-035 mm. grain size. Work-hardening 


achieve a 


From Transactions of the American Society for 
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determinations were made by rolling 
to a reduction of 60°, taking hardness 
measurements at reduction increments 
of 10°,. For softening data, individual 
specimens were annealed 1 hour at 
temperatures from 100° to 
800° C., and for the determination of 
deformation textures specimens were 
rolled to a reduction in excess of 95° , 
a thickness of about 0-035 mm. This 
latter material was subsequently an- 


various 


nealed at temperatures giving a grain 
size of than 0-010mm. for 
determination of the reerystallisation 
textures, 


less 


TABLE L—RELATIVE ATOMIC VOLUME 
OF SOLUTE ELEMENTS. 
Amount TLardness Atomic | Solubility 
of Solute Increase Volume at Room 
to Raise per Difference ‘Temper- 
Solute) D.PLIL, of Atomic Solute- ature 
Cu. dito % copper, Atomic 
Atomic D.P.H. jem, 3/gem, 
atom, 
Nl 13-2 1-0 100 
7n 12-1 1-1 2-0 36 
Al 1-7 3°7 + 2-9 20 
Mn 1-6 2-8 - O-3 24 
A. 3-6 3:6 6-0 6-5 
Me 1-7 6-9 
Co 1-4 9-3 0-5 1 
Sn 14-0 9-2 l 
21-0 IL-1 0-6 


The addition of a second element to 
pure copper results in an increase of 
hardness, which, for small additions, 
is linear with increasing solute con- 
centration. Different elements—nickel, 
zine, aluminium, ete.—produce harden- 
ing effects to a degree which depends 
primarily on the difference in atomic 
volume of solute and solvent, or 
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relatedly upon the parameter chane 
of the solvent on the extent of solid 
solubility. The relative atomic vaiue 
of the solute elements also affords a 
basis for partially systematising thoir 
hardening effect and their solubility 
limits, as shown by Table I. 

A straight-line relationship was 
found to exist between the solution- 
hardening characteristics of the differ- 
ent solutes. An element which 
produces a great solution-hardening 
effect will, correspondingly, greatly 
enhance the work-hardening properties 
of the copper. 

The temperature range of softening 
of the cold-worked alloys could be 
defined by the change in the diamond- 
pyramid hardness impressions, from 
convex to concave sides, as well as by 
the temperature at which hardness is 
half-way between that of the cold- 
worked and that of the recrystallised 
alloy. Small, initial solute additions 
rapidly increase the softening temper- 
ature to a maximum at some inter- 
mediate alloy concentration, with a 
subsequent slight decline as the solute 
content approaches a maximum. The 
effect required the use of different 
annealing temperatures to ensure 
uniform grain size and comparative 
hardness data for different alloys of 
one system. 

The effect of the solute element on 
the cold-rolling textures, as shown by 
pole figures, conforms to a simple 
pattern, in that only the copper, the 
brass, or an intermediate type of 
preferred orientation was found. In 
the copper-zine series the most signifi- 
cant change in deformation rolling 
texture from the copper to the brass 
type occurred at about 5°, zine, while 
the corresponding change in recrystal- 
lised specimens occurred at about 1%, 
zinc. Cold-rolled alloys of copper with 
manganese, aluminium, arsenic and 
antimony appeared to behave, struc- 
turally, in a manner similar to that 
observed in copper-zine alloys. Alloys 
containing cobalt’ or nickel showed 
only the copper texture, while those 
with silicon, magnesium, tin and the 
copper-nickel-zine alloy showed only 
the brass texture. The cold-rolled 
preferred orientations thus fitted a 
rather simple pattern. 

The recrystallisation textures of the 
alloys examined were not so uniform. 
Elements such as arsenic, antimony, 
tin and magnesium, which conferred 
the greatest solution or strain-harden- 
ing on copper, showed the most 
complicated annealing textures actual- 
ly equivalent to a less marked degree 
of preferred orientation. 
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The Problem of Waste Gas Heat in 
Swedish Iron Works 


By Lage Malm 


N the present circumstances the 

saving of fuel in Sweden is a vital 
necessity. Large quantities of heat, 
mainly in the form of hot-exit gases, 
are lost from the heating furnaces and 
open-hearth furnaces, and partly in the 
form of blast-furnace gases. This heat 
could be used to produce steam for 
forging, local heating, etc. In Sweden 
278,000 metric tons of coal, or its 
equivalent, are consumed per year in 
blast furnaces, electric furnaces, open- 
hearth furnaces, and heating furnaces 
for rolling and forging. It is considered 
that with suitable methods at least 
200,000 tons per year could’ be 
recovered. 
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Fig. 1.—Diagram showing arrange- 


ment of regenerators and 
temperatures. 


Recovery plants for the production 
of steam and hot water for indirect 
purposes, such as local heating, are the 
most common at the moment, but the 
preheating of producer-gas air is also 
a practical possibility. ' 

The relative costs of running a 
steam boiler with coal and wood against 
those using exit gases at various 
temperatures from about 600° to 
1,200° C. from various types of furnaces 
were considered, and it was shown that 
the recovery was profitable. Un- 


Vrom Jernkontorets Annaler, 1943, 147, 389. 
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fortunately, the costs of installation 
are high. When steam is produced for 
indireect purposes it is only possible to 
make considerable use of it during the 
cold part of the year, whereas when 
the heat is used for air heating, the 
availability of waste heat varies with 
the requirement of hot air. 

Considering the question of econom- 
ical extraction, the longer the pipe 
conveying the waste heat to the 
medium to be heated up the greater 
the heating area, and the greater the 
transfer, but the profit deriving from 
the recovery of heat must be balanced 
against the cost of the pipe-line. 

An installation in actual use is 
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shown in diagram form in Fig. I: 
R | is an air heater of normal carbon 
steel for heating the air to 300° C. in 
series with another heater of hardened 
steel for heating to 450°C. KD 1 and 
KD2 are steam producers; from 
KD 1 the steam passes to OH, where 
it is superheated. The temperatures 
of the waste gases at the various stages 
are as shown. The air enters at 25° C. 
and the water at 105° C. 

Much depends on the use of suitable 
baffle-plates in the regenerators to 
canalise the stream of hot air against 
the surfaces across which the heat is 
transferred. 

On account of the seasonable varia- 
tion in heat requirement, alternative 
methods of using the heat have been 
tried. In an installation attached to 
an ironworks and forging plant, part 
of the steam is used to drive a turbine 
for the production of electrical energy. 


The Salt-Spray Test as applied to 
Electro-Deposited Metal Finishes 
By C. H. Sample 


HE basic features of salt-spray 
testing consists of exposing suit- 
able specimens to a fog or mist formed 
by atomising a solution of common 
salt. The introduction of this test to 
industry was occasioned largely by the 
incorporation of salt-spray test require- 
ments to various Government specifi- 
cations in an effort tc ensure a quality 
of product capable of withstanding 
severe service conditions. The relative- 
ly rapid and widespread conversion of 
industry to war production, with the 
attendant increase in the use of those 
specifications containing salt-spray test 
requirements, has forced a greatly 
increased use of a test which, in the 
considered opinion of many, is of 
doubtful merit. It is, therefore, con- 
sidered necessary to point out the 
accepted uses and limitations of the 
salt-spray test, together with the 
pertinent factors which should be 
required in establishing such test 
requirements in specifications. 

The protective value of electro- 
positive metallic coatings is a function 
of their thickness, and an inverse 
function of their degree of porosity, 
while the protective value of electro- 
negative coatings is directly propor- 
tional to their thickness. The pro- 
tective value of any particular coating, 
however, varies considerably with the 


From Bulletin, American Society for Testing Materials, 
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environmental conditions to which it is 
exposed, and if the salt-spray test is 
to be of value in determining whether 
or not any particular coating is 
suitable for any particular application, 
correlation of the test results with 
service performance must be estab- 
lished. 

In general, it has been found that, 
when thoroughly standardised and 
properly conducted, the salt-spray test 
is useful in evaluating the degree of 
porosity of electrodeposited metallic 
coatings of the electropositive type,- 
such as nickel-chromium coatings on 
steel or zine, respectively. Tests have 
shown that the time of exposure to the 
salt spray required to reveal a certain 
degree of porosity varies with the 
coating-base metal combination being 
tested, and should be correlated with 
actual exposure tests, and that the 
time required for “first rust’ to 
appear is not as important as the 
appearance of the coating after a given 
length of time in the salt spray. For 
electronegative type coatings, the salt- 
spray test cannot be recommended as 
a quality test, as more reliable test 
methods are available. 

Limitations of the salt-spray test are 
found in its technique, the qualitative- 
ness of the results obtained, and the 
lack of fundamentai knowledge regard- 
ing the behaviour of differeut coating- 
base-metal combinations under the 
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As regards 
have shown 


conditions of the test. 
technique, investigations 
that solutions and concentrations being 
used range from ratural ard synthetic 
sca-water to saturated sodium chloride, 
temperatures of operation vary from 
uncontrolled room temperatures to 
150° F., air pressures used to atomise 
from 8lb. to 80 Ib. the 
size of test chambers to con- 
siderably, the position of test specimens 
to vary from the horizontal to the 
vertical, and the exposure period to 
vary from | to 500 hours. Further 
standardisation is, therefore, considered 
necessary to the number of 
variations permissible, and individual 


per sq. in., 
vary 


reduce 


users should endeavour to stardardise 
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equipment and exposure technique. 
Further, experimental data correlating 
salt-spray and service behaviour is also 
covsidered necessary to merit a more 
extensive use of the test. 

A primary factor to be considered 
before incorporating the  salt-spray 
tcst in a specification is whether such 
a test is capable of yielding repro- 
ducible results when performed at 
different times and by different users, 
and also whether it is a true measure 
of the factor it is intended to control. 
If such conditions are satisfactory, the 
maximum service requirements of the 
fini=h should then be considered in 
relation to the cost and practicability 
of obtainirg such a coating. 


Spectrographic Determination of 


Molybdenum and Tungsten in Ores 
By C. Georg Carlsson 


determination of 
tungsten 


HE chemical 

low molybdenum and 
percentages in‘ores is somewhat diffi- 
cult, and there are many sources of 
error. Tungsten and molybdenum 
usually occur together and in amounts 
of the same order. The regions of low 
percentage are the most difficult todeal 
with chemically, and the easiest spectro- 
graphically. The regions examined 
were MoS and WO,. (The 
determinations were, of course, made 
as Mo and W, but the percentages are 
given in this form in accordance with 
normal practice.) 

The method normally used for ores 
is that deseribed by Goldschmidt. 
The finely powdered material, usually 

. mixed with carbon powder, is packed 
into a hole in the centre of a carbon 
rod, which is made the cathode in a 

On account of the * cathode- 
layer phenomenon” the method is 
highly sensitive to low percentages of 
elements. With however, 
the difficulty is that the best speetrum 
line at 4008°75 is obscured by the 
CN band spectra produced by the 
earbon. One method of reducing this 
disadvantage is to mix alkalis with 
the powder, This the effect of 
reducing the temperature in the are, 
and thereby of reducing the intensity 
band, but not of the 
Unfortunately, many 
other lines are the 
extent as the CN band, and this method 
is thus not of general application. 

To avoid these troubles, electrodes 


are. 


tungsten, 


has 


of the carbon 


tungsten line. 


reduced to same 


From Jernkontorets Annaler, vol. 127, No. 11, p. 


of other materials, e.g., copper, may 
be used. This has the advantage that 
the special purification necessary for 
the carbon rods is avoided. 3 mm. dia. 
copper electrodes we're used by the 
author, with axial holes 2-6 mm. dia., 
2mm. deep. The powder is packed 
hard in the hole, and the are current 
adjusted so that the material just 
fuses. With a deeper hole, part of the 
drop runs out of the hole and away 
from the tip. With a lower temperature 
the specimen is solid and the are plays 
mainly on the copper rim instead of the 
material. Inordertoreduce the melting 
point, alkali and alkaline-eartht salts 


may be incorporated (see also below). 
To attain high temperatures without 


the copper electrode melting, the 
electrode should be water-cooled or the 
are made intermittent to allow the 
electrode to down between. 
The latter method gave more repro- 
results. The are was inter- 
rupted 100 times a minute, the dura- 
tion of each pulsation being 0-2 sec. 

With the electrode better 
results were obtained by making it the 
A carbon rod, 7mm. dia., 
The carbon 


cool 


ducible 


copper 


positive. 
was made the negative. 
bands were too weak to be important, 
and the carbon counter electrode was 
found, in practice, to be better than 
one of copper. 

The emission from the centre of the 
are was used. The light passed through 
a rotating three-step ratios 
1: 3: 9, to a Hilger E 478 spectro- 
graph, with a glass Optical system, 
4A;mm. Agfa Spectral 

plates were the 


sector, 


dispersion 


Blau Hart 


used, 
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exposure being 2mins. The | ne 
densities were measured with a mic vo- 
photometer, and ‘a calibration curve 
using known standards was drawn. 
The usual method, comparing the 
density of the line of the element 
under consideration with a line of an 
element whose percentage in ihe 
material was constant, was not used, 
since it was found, firstly, that quite 
good results were obtained using ihe 
line densities directly, and, secondly, 
that the emission of the iron 
varied to a greater extent with are 
variations than did the molybdenum 
and tungsten lines, 

It is known that. the composition 
(i.e., other than W or Mo) of the test 
sample has an effect on the line den- 
sities, and thus the standards should 
resemble as closely as possible, in this 
respect, the routine samples. The ores 
under consideration are mainly quartz 
and feispar, and so a powdered granite 
was used as the standard base and 
blended with appropriate quantities 
of chemically pure W and Mo oxides. 
In the final test, standards and 
synthetic routines were mixed with a 
powder containing FeO and calcium, 
sodium and potassium salts to even 
out the effects of variations in these 
elements from sample to sample. Large 
variations in Si, Al, Ca, K and Na 
were then found to be without effect 
on the analyses except with calcium or 
tungsten. Here the accuracy was lower, 
and it would be necessary in practice 
to make special standards to cover this 
case if it arose frequently. 

The lines used were: Mo, 3864 A ; 
4233 A; W, 4009A. repro- 
ducibility was better with the first 
molybdenum lines. The method was 
available down to 0-005°, MoS, and 
0-019, WOs3. 


lines 


Biological Mining to 
Supplement Dwindling 
Ore Reserves 


UTURE generations may perhaps 

obtain from the sea part of the 
vast supply of elements needed, as we 
now get some of our magnesium and 
bromine, utilising the 
diminishing ore (biological 
mining). Manganese occurs as pyro- 
lusite in large deposits on ocean floors, 
the exact origin of which is unknown. 
One hypothesis suggests that they ma) 
have been formed by the remains of 
animal organisms which had manganese 


instead = of 


reserves 
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instead of iron in their tissues. It has 
been suggested, too, that even land 
deposits of pyrolusite may have had 
their origin in the life eycle of marine 
animals in prehistoric seas. 

The skeletons of many species of 
diatoms are finely divided pure silica. 
Oyster shells form an immense reserve 
of pure calcium carbonate. Some 
radiolarians have shells of strontium 
carbonate instead of the usual calcium 
carbonate. The amount of strontium 
in the ocean has not been detected by 
chemical means, yet these animals have 
power to obtain it in high purity. 
Vanadium is another element con- 
centrated by an ascidian, and by a 
holothurian (sea slug) found off the 
Cornish coast. Iodine, although present 
in only minute traces in the ocean, is 
concentrated in certain seaweeds and 
has been extracted commercially from 
their ash. Seaweed is used in Lreland 
as a fertilizer because of its high con- 
centration of potassium. The blue 
blood of lobsters and king crabs is due 
to the presence of copper instead of 
iron, and organic copper salts in marine 
organisms are of great use in treating 
pernicious anwmia. Arsenic too, is 
found in several of the ocean crustacans. 

The plant Astralagus 
takes up selenium from the soil. There 
is also geochemical interest in the con- 
centration of radioactive mesothorium 
by a pond plant. Plants which extract 
gold from the soil, such as the horse- 
tail, are known, and when burned 
their ashes may serve as an indicator 
to prospectors. A fortune may be 
awaiting the biologist who develops a 
seaweed which likewise uses gold in its 
A sea organism which con- 
centrates tin would be of more intrinsic 
value to-day, and it is not entirely 
out of the question, because there is a 
certain species of yellow violet which 
grows only where it can get tin. 
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Magnesium Production 
Processes 


magnesium 


HE process used 

by Basic Magnesium, Ine., in 
Nevada, is essentially that. developed 
in Germany for the electrolytic reduc- 
tion of magnesium chloride,! produced 
froni magnesium carbonite (dolomite 
or magnesite). The raw material is 
mined by open-pit methods, and about 
1-5 tons of waste must be moved to 
secure L ton of ore. The ore is delivered 
by ‘ruck to the plant several miles 


Frei papers presented te the Institute of Metals 


and Ion and Steel Divisions, Oct., 1943, by : (1) Ball,- 


Rass and Donohoe; (2)'T. A. Dungan and (3) ROL, 
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distant, where it is crushed, calcined 
and subjected to flotation, after which 
it is mixed with coal and made into 
small pellets with magnesium chloride. 
These are treated with chlorine to form 
anhydrous magnesium chloride, which, 
when electrolysed, produces magnesium 
metal (98°, Mg) and chlorine. 

At Permanente, California, a large 
tonnage of magnesium is now being 
turned out with no fires.» The process 
is essentially that developed by the 
Austrian, Hansgirg, in which mag- 
nesium oxide is reduced by carbon to 
produce magnesium vapour and carbon 
monoxide. The metal vapour is shock- 
chilled with. natural gas.  Caleined 
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dolomite is used as the raw material, 
and is treated in the Kaiser sea-water 
plant to produce magnesium oxide 
96°, pure. About 900,000 cub. ft. 
(25,500 m) of natural gas is fed into 
the furnaces every hour. 

The most important receiit advance 
in the Pidgeon process is the develop- 
ment of a continuous furnace and a 
successful condenser.? Silicon is used 
as the reducing agent in this process ; 
ferrosilicon and magnesium oxide are 
mixed and briquetted and then heated 
in a 10-in,’ (25-em.) retort under a 
vacuum of 100 microns. The magne- 
sium thus produced is 99-7 to 99-8°, 
pure. 


Procedures for Testing Metallising Bonds 
By H. Ingham and K. Wilson 


N order that consistent results can 
be predicted on a uniform basis, 
efforts are being made to develop 
standard testing procedures acceptable 
to the metallising industry. As there 
are several methods of bonding sprayed 
metal, to fulfil their objective, test 
procedures must first prove an accurate 
of comparison of different 
methods of bonding. Secondly, they 
must provide accurate values in 
pounds per square inch for each bond- 
ing method and for each metal used. 
The nature of the failure of the bond 
between sprayed metal and base metal 
is somewhat complex. The most 
common failures occur either on flat 
or nearly flat surfaces, or shafts which 
have been cut with a keyway. In 
both most failures occur first 
by a shearing of the bond due to a 
shrinking of the sprayed metal layer. 
This shear action is not necessarily 
sufficient to cause complete failure, 
but may simply weaken the bond. 
After the bond is weakened, the final 
faitire is a failure of the bond in 
tension as the sprayed metal layer is 
lifted off either by the curling action 
resulting from shrinkage or by actual 
mechanical means. This would depend 
upon the service encountered. Because 
this type of failure caused by the 
shrinkage of the metal is the most 
common, the strength of the bond in 
shear is most important. However, as 
both shear and tension affect the bond 
strength, methods for testing both 
have been developed, 
The proposed standard bond test 
shear specimen is shown in Figs. 1 and 
2, together with all dimensions and 
tolerances. A cylindrical specimen is 


means 


cases 
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used because this shape lends itself 
best to the application of all bonding 
methods, including those obtained by 
various methods of machining. Bar 
material is used approximately | in. 
diameter. This is machined to the 
diameter listed in Fig. 1. The length 
of the specimen may be varied accord- 
ing to the method of machining. 

The specimen is prepared for bonding 
sprayed metal by the method bemg 
tested, throughout. its entire length. 
Preparation and spraying conditions 
are under strict control and approxi- 
mate the conditions it is desired to test. 
After spraying to 1yy in. diameter over 
the entire area, the specimen is 
machined to the dimensions given in 
Fig. 2. A slot is sawed completely 
through the sprayed coating into the 
base material, the purpose of which is 
to eliminate any bond between the 
coating and the base which might 
result from shrinkage of the coating. 

A shear block is prepared as in 
Fig. 3, and the specimen assembly 
placed in the die block located in the 
compression testing machine, as shown 
in Fig. 4. Occasionally pieces of the 
coating will break and fly off when the 
bond is broken, thus a guard should be 
provided at the front of the press. 

The length of the sprayed coating B 
in Fig. 2 is preferably 0-500in., but 
in some cases the bond strength at this 
length may exceed the capacity of the 
testing machine ; in such cases, length 
B may be 0-333 in. When the speci- 
mens have dimension B equal 0-5 in. 
the bond area is 1-5 sq. in. and 1 sq. in. 
when B is 0-333. Thus the total load 
required to shear the coating divided 
by this factor equals the shear strength 
in Ib./sq. in. 
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STAMP SPECIMEN NUMBER 
HERE. THIS SURFACE MUS7 
BE FREE OF BURRS AND 

SPRAYED METAL. 


SPRAY TO 15/32" 


2.080" FINISH TO 1.116"2.008" 


| 60° 


4 
33 METAL 33 

$ 

= 

PILOT END FREE END 
DIAMETER “A” BEFORE PREPARATION FOR SPRAYING: 030" SAW SLOT THROUGH 


FOR METCO AND OTHER MACHINING METHODS .966”t.002~ COATING INTO BASE. 


FOR BLAST .960"t.co2~ 
FOR FUSE-BOND .950"2.002~ 


THESE FACES MUST BE PARALLEL 
TO EACH OTHER AND PERPENDICULAR 


x! 
athens DIMENSION “B" IS .500"2.002" EXCEPT WHERE CAPACITY OF 
TEST MACHINE WILL BE EXCEEDED. IN THIS CASE USE “B” 

WHICH IS .333"2-002" 


Fig. 1. -Specimen blank before Spraying. 


Fig. 2.—Completed 


Yyff UPPER specimen, sprayed, 
YU, Yj PLATEN machined and slot- 
“YV PRESS ted. 
FREE END OF SPECIMEN 
: SPRAY METAL COATING 
8 
\\ DIE BLOCK 
\Y END oF \\ 
\\\\ 
/ Fig. 4.— Specimen 
“FACES MUST BE PARALLEL TO EACH OTHER Yy Yy PUATEN under test for shear 
| | AND PERPENDICULAR TO BORE. 7 OF PRESS strength. 
MATERIAL: 
TOOL STEEL-HARDEN TO 60 ROCKWELL C. 2". REAM TO AFTER TAPPING SET 
GRIND FACES AND HOLE AFTER HARDENING. ” SCREW HOLE~__ 


T 
Die block used in shear test. [3] 


Fig. 3. 


THIS FACE SMOOTH AND AT RIGHT 
ANGLES TO CENTER LINE OF PLUG. SPRAYED 


COATING 


T 

' 

' 
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DRILL & TAP 

THREADS Fig. 6.—Tension 

MATERIAL: teSt blank prior 
to spraying. 


SLIGHT UNDERCUT 


SS 


at PLUG 


12° 


Fig. 7.—Tension 


‘ig. 5.—T 
a blank (Fig. 
INCLUDED 24 THREAD LIDE FITINREAMED = © 
ANGLE DETAIL FIG. 5 


| -¢ STRAIGHT The proposed specimen for tension 


SIDE 


Fig. 8. (left)—-Mask 
for protecting 
threaded end of ten- 
sion specimen plug 
during spraying. 


testing procedure is shown in Fig. 5. 
It consists essentially of a shaft which 
has been provided with a hole clear 
through it and perpendicular to its 
axis. A stud is fitted to this hole with 


8 NS f one end flush with the surface of the 
t shaft. All methods of surface pre- 


DRILL & TAP 3/16 


paration can be applied to this speci- 


24 THREADS. y} men under the same conditions as to a 
Z Fig. 9. (right) shaft in actual practice ; 
DETAIL FIG. 6 I 
MATERIAL: Y Tension test speci- The surface of the cylinder to the 
STEEL~- men assembled in 


HARDEN & POLISH 


test rig ready to be 
pulled. 


end of the stud is prepared, and after 
spraying and bonding the stud is 
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pulled out of the shaft in a testing 
machine. With the dimensions of the 
shaft, coating thickness, and stud 
diameter properly proportioned, failure 
of the bond takes place on the end of 
the stud. Actual dimensions of the 
tension test blank is shown in Fig. 6, 
and specimen stud or plug in Fig. 7. 
The blank should be made of mild 
steel, and specimen plug made of the 
base material to be tested. Plug is 
assembled in the blank and fastened 
by the set-serew shown in Fig. 5. 
With the plug firmly secured in 
place, the surface of the blank is pre- 
pared for spraying by any desired 
method, After preparation the plug 
is taken out of the blank and removed 
of burrs caused by  preparation— 
enabling the plug to slide freely in the 
hole. Both blank and specimen must 
be kept scrupulously clean. Before 
spraying the plug should be replaced 
in the blank in exactly the same 
position it occupied previously. A 
spraying mask, illustrated in Fig. 8, is 
then serewed into the end of the stud 
at A, Fig. 5. Specimen is then sprayed in 
a lathe with metal selected for the test. 
After spraying, the mask is removed 
and the specimen machined or ground 
to a diameter of 0-170 in. larger than 
the diameter before spraying. The 


specimen is then assembled in the 


test rig as shown in Fig. 9. After 
screwing the pull-bar on to the 
specimen plug, set-secrew shown in 
Fig. 5 should be removed. This screw 
should not be removed earlier, as there 
is danger of damaging the bond when 
assembling into the rig. Rig is then 
mounted in the tensile testing machine. 
As the prepared area of the specimen 
plug is 0-196in., breaking load as 
indicated on the testing machine 
multiplied by 5-1 will give tensile 
strength of the bond in Ib./sq. in. 

The test results obtained from shear 
and tension bond tests have two very 
important uses. One is for comparing 
values between methods known from 
experience to be satisfactory and new 
methods or variations of methods which 
The test results 
little value in an 
since the internal 
forees of the sprayed metal which 
cause the failure are not known. The 
other important use is for control of 
the surface preparation method in the 
shop by checking an operator technique 
and on equipment and supplies used. 
The test for bond, for instance, is the 
only adequate means of testing the 
effec: iveness of blasting grit. 

Te authors point out that good 
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bond strength are easy to obtain and 
are desirable, if not always required, 
for ail heavy coatings on machine- 
element work. Therefore, the main 


341 


use of bond tests is to help in obtaining 
and maintaining good bond strengths 
by the proper selection and control of 
bonding methods. 


Metallurgical Problems arising from the 
_use of Copper in Electric Equipment 
By E. R. Parker 


URE copper is used extensively 

in electric equipment because of 
its high conductivity. The tensile 
strength of copper is low and_ its 
specific gravity is high, so that it is 
generally unsuitable for structural use. 
However, some of the alloys of copper 
exhibit exceptionally good mechanical 
properties (for example, beryllium 
copper) and are widely for 
structural purposes. Copper used for 
electric conductors must be of high 
purity. The total of the metallic 
impurities in both tough-pitch and 
oxygen-free high-conductivity coppers 
should be less than 0-01%. Small 
amounts of impurities may greatly 
reduce the electric conductivity of 
copper and thus limit the efficiency 
of electric equipment. 

The conductivity of high-purity 
copper is affected strongly by cold 
working. For example, when the cross- 
sectional area is reduced 85% by cold 
drawing, the conductivity drops from 
102-3 to 100-0%. Consequently, 
annealed copper is used whenever high 
conductivity is desired, Small amounts 
of impurities also have profound effects 
on the annealing characteristics of 
copper. Some impurities greatly affect 
the softening temperature, particularly 
tellurium, of which as little as 0-001% 
is sufficient to raise the softening 
temperature about 80° C, 


used 


Certain applications of ‘copper re- 
quire operating temperatures above 
those normally employed. Under the 
influence of stress at high temperatures, 
copper often breaks with very little 
elongation. The apparently “ brittle ” 
failure follows the grain boundaries of 
the copper instead of going across the 
grains as a normal ductile failure does. 
The intergranular type of failure can 
occur in equipment operating at tem- 
peratures above 125° C. whenever the 
copper is subjected to prolonged 
loading. At higher temperatures, such 
fractures occur with lower loads and in 
shorter times, often without warning 
or noticeable deformation. Such 
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failures can be eliminated by judicious 
balance of the impurities present in the 
coppers. 

High-purity copper is very weak at 
200° C. Commercial tough-pitch 
copper, which contains about 0-01% 
metallic impurities, is considerably 
stronger. The addition of 0-039% 
silver to the tough-pitch copper greatly 
improves the high-temperature 
strength and practically eliminates the 
undesirable intergranular fractures. 
Small quantities of other elements, 
such as cadmium and manganese, also 
greatly improve the high-temperature 
strength without lowering appreciably 
the conductivity. There are many 
applications where a_high-softening 
temperature (often associated with 
good high-temperature strength) is 
very undesirable. One such instance 
is in the annealing of hard-copper 
wire during the baking of the enamel 
in the enamelling process. The wire 
is run continuously through the enamel 
and then directly into the baking 
oven. If the baking and softening can 
be done simultaneously, soft-copper 
wire can be produced more rapidly 
and cheaper than if a separate anneal- 
ing operation were necessary. The 
baking temperature is limited by the 
enamel, which must be “ burned” in 
the operation. Small amounts of 
impurities, particularly — tellurium, 
antimony and cadmium, prevent 
copper from softening. Consequently, 
great care must be taken to remove 
these elements during the copper- 
refining process whenever the copper 
is to be used in the enamelling 
process. 

Whenever copper containing copper 
oxide is heated in an atmosphere 
containing hydrogen, the hydrogen 
may diffuse into the copper, unite 
with the copper oxide and form water 
vapour which cannot The 
water vapour expands and causes 
large holes to form, thus embrittling 
the copper. Embrittled copper is very 
weak and has extremely low ductility. 
Consequently, contact with hydrogen 
must be avoided in the fabrication of 
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tough-pitch copper. Oxygen-free cop- 
per is used whenever the copper must 
he heated in contact with hydrogen. 
An interesting problom that as yet 
has not been solved is that of the 
copper-oxide rectifier. The metallur- 
gical requirements of copper for good 
rectifiers are not clearly understood, 
Some coppers are good ; others, for no 


apparent reason, are bad. 


Rapid Determination of 
the Magnesium Content 
of Al/Mg Alloys 


HE magnesium content of Al/Mg 
alloys can be determined by 
X-ray diffraction, since the lattice 
constant of the a mixed crystal 
with increasing Mg content. 
For a successful determination tl.e 
following conditions must be fulfilled : 
(1) Complete solution of the Mg in 
the a mixed crystal. 

(2) Uniform distribution of the Mg 

(3) Fine-grainstructureofthesample. 

The simplest method for achieving 
this is to take a small sample of the 
liquid melt in an iron spoon (previously 
heated to the temperature of the molten 
alloy) and seatter it ona well-conduet- 
ing metal plate. The resulting dises of 
metal of about 0-1 to 0-2 mm. thick 
are annealed in a salt bath for § mins. 
(the temperature of the bath being just 
under its melting point), and = then 
quenched in water. The lattice con- 
stant is best determined by means of 
an electronic (Geiger) counter, and the 
corresponding Mg content follows from 
calibration curves, 

The analysis takes about 20 mins., 
and is accurate to a small multiple of 

Translation of original digest from 7.V.0./., 1942 
86, 558, by courtesy of R.T.P.3, Ministry of Aircraft 


Production, (Original article in 2, AMetallkunde, 
1942, 34, 114/116.) 


Tempering of High Carbon 
High Chromium Steels 


HE results are given by O. Zmeskal 

and M. Cohen of a study of the 
kinetics and mechanism of the strue- 
tural changes which accompany the 
tempering of 1% carbon, 5°, chromium 
and of 1-5, carbon, 12°, chromium 
tool steels by means of magnetic 
dilatometric and X-ray measurements. 
Austenitising temperatures employed 
were 925° to 1,205° C., and in additicn 
to quenching in oil, air and lime, 
tempering temperatures from 20° to 
650°C, and tempering periods of 
several seconds to several hundred 
hours were aiso investigated. 


Trans, Am, Soe, Metals, June, 
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Generally, hardened steels contain 
tetragonal martensite, retained aus- 
tenite and undissolved alloy carbides, 
and during the early stages of temper- 
ing, the martensite decomposes from 
tetragonal to cubie followed by the 
precipitation of non-ferromagnetic car- 
bides, 


1944 


Basically, the mechanism of the 
tempering process in these chromium 
tool steels is consistent with that 
reported for high-speed steel, but it is 
more varied in its details, due to the 
wide range of retained austenite con. 
tents and stabilities obtainable in the 
chromium steels. 


The Effect of Annealing Temperature and 
Period on the Softening of Previously 
Cold-Worked Metal 


By A. Pomp and G. Niebch 


XPERIMENTS were carried out 
on Krupp soft steel of the follow- 
ing composition : 

Si. Mi. Fe. 
O-os .. .. O-06 0-005 O-OL .. rest 
The material was available in the 
form of round bars of 26 mm. diameter 
which were cut into 40 cm. lengths and 
annealed at 900° C. for 30 mins. The 
bars were subsequently cooled in 
kieselguhr (infusorial earth) and 

ground down to 18mm. diameter. 

The specimens so obtained were 
next stretched in a 35-ton tensile 
machine, so as to exhibit permanent 
reduction in cross-section of 5, 7-5, 
10, 12-5, and 20°, respectively. The 
bars were then cut into cylindrical 
blocks, each 10 mm. high and annealed 
at a series of constant temperature 
ranging from 620°C. to 900°C., the 
annealing time varying from 10 mins. 
to 8 hours. Subsequent cooling teok 
place either in still air or at a very 
much slower rate in the oven (1° C. 
min.). The blocks were then finally split 
longitudinally, and the Brinell hardness 
determined at 2 points for cach of the 
two new internal surfaces thus formed. 

These surfaces were then polished 
and etched for mict ographical examina- 
tion of the stiucture. 

Immediately after cold-working and 
before the subsequent annealing, the 
material gave the following hardness 
values : 


Diminution Brinell Hardness 
in Area, 2°5/62-5/50 
% Ke. /Mm.* 

95 
12 
129 
10 ee 136 
12-5 oe liz 
160 


With annealing, some or all of this 
strain-hardening disappears. 

The experimental results are given 
in geapbicel form, the Brinell hardness 
being plotted against annealing period 
for each temperature, with degree of 
original cold working (°,, reduction in 
area) as parameter. 


From Z. f. Metallkunde, vol, 34, No, 5, May, 1943, 
pp. By courtesy of RUT. S, Ministry of 
Aireraft: Production, 


Broadly speaking, the curves fall into 
two classes, depending on whether the 
original cold working amounted to less 
or more than 10° reduction in cross- 
section. 

(1) In the former case, after an 
initial rapid softening of the material 

a steady state is reached in about, 

30 mins. and extending the annealing 

period to 8 hours causes no further 

reduction in hardness. The. final 
value, moreover, is still appreciably 
ahove that of the original material 

prior to cold working. (Brinel! 115, 

against 93.) 

(2) If. on the other hand, the 

material has been stretched to give 
a reduction in area between 10 and 
20°, the softening during annealing 
is progressive over much longer 
period (of the order of 4 hours), and 
the final hardness figure is practi- 
callyidentical withthat ofthe original 
material prior to cold werking. 

It appears that in the case of 
moderate strain-hardening the subse- 
quent softening on annealing is mainly 
due to crystal recuperation and metal- 
lograpbical examination shows no 
change in structure of the material. 

With high degiees of original strain- 
hardening, however, marked recrystal- 
lisation of the material takes place on 
annealing. 


Phosphatising in the Cold 


ib the well-known  phosphatising 

(anti-rust) process, bath tempera- 
tures of the order of 90°-95° C. were 
femployed originally. It bes been 
found that equivalent results can be 
obtained in the cold, if sodium nitrite 
is added as an accelerater to a zine 
phosphate bath (pH — 2-7). The 
process has been worked on a large 
scale for over two yeais, and led to a 
saving of several thousand tons of coal 
per month. 


From Z. 87, No. 49/50, Dee, 11, 1914, 
p. 974. courtesy of 3, Ministry of Airer tt 
Production, 


a 


APRIL, 1944 


“ce 


OURNAL 


Kent Meters 


which are extensively used for the inter- 
works measurement of gas, for gas supplied 
by collieries to gas works and associated 
companies, and for gas costing to departments, as, for instance, in 
steel works. 


The LS/C is a shunt type of meter which is easily installed either directly 
in a main or in a shunt by-pass across an orifice in a large main. 


A particular feature is its suitability for widely fluctuating or surging 
flows. 


The meter is suitable also for air. 


The meters have a very high capacity and are economical in first cost. 
The RT/E, measuring by differential pressure of low-pressure gas or air 
flow, is used with an orifice fitting or pitot tube, consequently the 
capacity is easily altered on the site. 


It gives a high degree of accuracy, has an equally spaced scale, and is 
not damaged by overloads. 


The electrical type transmits for distance of 500 yards, or is used for 
duplicating indications. 


GEORGE KENT LTD. 
LUTON & LONDON. 
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also 
_ FERRO - MOLYBDENUM 
CALCIUM-MOLYBDA‘ 
SILICON- MOLYBDATE 
IRON - MOLYBDATE 


Reliable - Consistent 


MADE BY 


MINWORTH METALS LTD, | MINWORTH, . BIRMINGHAM. 


SPECIAL REFRACTORY PRODUCTS 
SILICA (VITREOSIL) 


Low thermal expansion; high electrical resistance ; improves refractory 
mixtures. 


MAGNESIA 


High electrical resistance, high thermal conductivity ; used in electric heaters 
and as high temperature refractory. 


ALUMINA 


High fusion point, great hardness ; 


REFRACTORY AND ELECTRICALLY INSULATING CEMENTS 


THE THERMAL SYNDICATE LTD. 


Head Office and Works : WALLSEND, NORTHUMBERLAND 
London Depot: 12-14, Old Pye Street, Westminster, S.W.1 


used as a refractory or abrasive material. 
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GRINDING ARE 


Gse Them Wisely 


USE THE RIGHT 
GRINDING SET-UP ON EVERY JOB 


Grinding set-up is the relationship between wheel, work and 
machine movements. It can affect grinding performance just as 
much as the choice of wheel. Correct set-up depends primarily 
on the following factors : 


WHEEL SPEED WORK SPEED 
WHEEL TRAVERSE GRINDING PRESSURES 
RATE OF IN-FEED ARC OF CONTACT 

COOLANT 


Like choosing the right wheel, correct set-up varies with the job. 
A wheel speed that would be right for a cylindrical grinding 
operation, for instance, might never do for a centreless grinding 
job. Therefore it is imperative to follow manufacturers’ recom- 
mendations in order to be sure of the correct balance of these 
factors. Only through such a balance can you realize the full 
advantage of properly specified wheels. 


By taking advantage of improved methods it is frequently possible 
to speed production and improve quality. 
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Produced under our own patented 
Austenitic Core Process which gives 
symmetrical hole of maximum 
smoothness. Round, Octagon, Hex- 
agon and Square Sections, and in 
sizes ranging from’”@’ to 3” diameter, 
holes to %_” diameter, depending 
on outside diameter—in lengths up 
to 40’—and in any quantity including A 
High Tensile and Heat and Rust- 
Resisting Steels. Also supplied with 
bored holes outside diameters 1's” 
to 9, inside diameters minimum”4” 
and larger, lengths up to 20’ depend- 
ing on outside diameters. 


ALLOY 


In black or bright finish, heat treat- 
ed or untreated condition. 
‘*‘DUNELT”’ Specially Selected Steels 
can be supplied to meet the require- 
ments of the latest ‘‘Standard’’ 
Service Specifications. 


Manufacturers of Rotary Louvre 
Drying Plant. 


(SHEFFIELD) LTD., Atterclitfe Wharf Works, Sheffield 9. 


VICTORIA STREET, S.W.1 BIRMINGHAM OFFICE: 25 BURLINGTON CHAMBERS. 118, NEW STREET 
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A new and mighty army marches with us in the 
van of progress—an army of electrons, harnessed, 
utilized after years of patient research and effort. 
This is the science of electronics, that tells us the 
hidden secrets of the farthest heavens and the 
smallest micro-organism ; gives us new knowledge 
of the air we breathe, the food we eat, the clothes 
we wear, the homes we live in. The tiny electron, 
allied to industry, now regulates traffic, records high- 
altitude weather conditions, controls the machines 
and processes of many industries. It has brought 
new and spectacular advancements to milling and 


mining, paper-making and paint production... 


The fields of application have no bounds. Each new 
discovery, each new application brings new possi- 
bilities in its wake. 

The Mazda Thermionic Valve, product of pioneer- 
ing and electronic research, is revitalizing industry, 
bringing new light and methods to medicine and 
science. This is the birth of the Electronic Age... 


MAZDA valves 


FOR INDUSTRIAL, MEDICAL, RADIO, 
SCIENTIFIC AND DOMESTIC APPLICATIONS 


THE EDISON SWAN ELECTRIC CO. LTD., at 155, CHARING CROSS RD., LONDON, W.C.2. 
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chestnut 
we have mo spreauing © 
have you SEE. 
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Aightost Mretl 


THE LIGHTEST CASTINGS 
FOR SEWING MACHINES 


he potential usefulness of 

MAGNUMINIUM magnesium base 

alloys is unlimited. Practical appli- 

Cations abound among the wide range 
of portable products in everyday use as well 
as in the design of components where an 
ultra-light alloy, four times lighter than steel, 
‘and possessing a high strength/weight ratio 
introduces advantages possessed by no other 
metal. Magnuminium has excellent 
machinability properties which reduce the 
manufacturing costs of all parts produced in 
large quantities. Full technical details avail- 
able on request to the Sales Department. 


GNUMINIUM 


BASE 


MAGNESIUM ALLOYS 


MAGNESIUM CASTINGS & PRODUCTS LTD © SLOUGH 
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A NEW COPPER BASE ALLOY 
with 


HARDNESS, STRENGTH AND 


CONDUCTIVITY 


““ KUMIUM " is the trade name of this new alloy developed by 
I.C.I. Metals Ltd. and possessing these properties to a remarkable 
degree. It is particularly suitable for use as electrodes in spot or seam 
welding machines and retains its strength for continuous service at 
temperatures of the order of 350°C. Available in rod, plate, sheet and 


sections, “Kumium” can be supplied to give the following range 
of properties : 


Maximum stress 23-30 tons/in 2. 
Elongation 20-15% on 2". 
Conductivity 82-80% that of H.C Copper. 


Please write for further information to: 


I.C.l. METALS LIMITED 
WITTON, BIRMINGHAM, 6. 


Sales Offices at: MILL HILL, LONDON, N-W.-7: NEWCASTLE+ON-TYNE: 
MANCHESTER: BRISTOL: GLASGOW: DUBLIN: BELFAST: BRADFORD: 
SWANSEA: SHREWSBURY: YORK: LIVERPOOL 
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ELECTRI 
ROLLING MILL 


A 


Above : 20,000 H.P. (Peak) Revers- 
ing Motor for 40” Blooming Mill. 


Below: One of two duplicate 
18,000 H.P. (Peak) Motors for 
Cogging, Merchant and Rail Mills. 


— | Above : Drive for 24” Two-High 

: Universal Reversing Mill, with 
5,400 H.P. (Peak) Motor Unit. 
No pinion housing is required 
for this type of drive. 


Below : 12,000 H.P. (Peak) Mill 
Motor for 27” /30” Reversing Mill. 


The English Electric Company are 
specialists in the Electrification of Iron 
and Steel Works and Rolling Mills. 
The Company can supply the whole 
of the equipment required for both 
main and auxiliary drives, and their 
wide experience: is at your disposal. 


THE ENGLISH ELECTRIC COMPANY LIMITED 
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ALLOY CASTINGS 7 DALE 


PRESSURE 
TIGHT 


We specialize in the manur 


facture of medium and high 


streng'h aluminium alloy 
withstand high 


castings 


able for Pumps 


pressures, suiti 
-onnections in Hydraulic 


and ¢ 
and Fuel Systems- Consult us 


on any problem connected 


with aluminium alloy castings: 
JOHN DALE 
LTD., B 
NEW .. BRUNSWICK 
SOUTHGATE, LON — RD., 
, 
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CURRAN 
OF CARDIFF 


Woy a tt Mord way? 


Frankly, we don’t know! Do you? It’s beyond us why you 
should carry a burden needlessly—with modern methods wait- 
ing to take the load off your shoulders. While we admit (who 
doesn’t?) that women are illogical, we don’t honestly think 
that any woman would act like the one pictured above. We 
don’t really think that you’d act like that either. You 
wouldn’t continue with the old methods of pickling if you 
knew all about the Curran Patent Spray method, with its 
cleanness, its compactness and its speed. Look at the wasted 
time and labour portrayed above. Now, what about that 
pickling of yours? Is it clean? Is it fast? Is it modern? 
No? Well... 


Why not try the Curran Way? 


CURRAN PICKLING 


CONTINUOUSLY ECLIPSES OLD METHODS 


Designers. and Build Continuous: 
CURRAN BROTHERS LID: CARDIFF 


CARDIFF NEW YORK MONTREAL 
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IMMADIUM 


HIGH DUTY BRONZES 


ALUMIN 


FOR HIGHLY STRESSED MACHINED PARTS 


THE MANGANESE BRONZE & BRASS COY. LTD 


HANDFORD WORKS, IPSWICH 2127 TELEGRAMS “BRONZE IPSWICH" 
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REFRACTORIES - Lecsock of Industrial Cichievement 


[ DOUGLAS « POST 


S FURNACES of every type continue to operate at or near 
LJeavactry refractories are subjected to ever greater strain and 
wear.’ Good refractories, properly applied, are increasingly 
ACID-RESISTING MATERIALS important to steady and efficient production. General a 


SIRE BRICKS - BASIC BRICKS 
CEMENTS & COMPOUNDS engineers and technical staff, backed by specialised 
refractories experience in every industry, are at the f 


INSULATION + SILICA BRICKS service of users to advise upon the choice of refractories \\ 
SILLIMANITE + SANDS and their suitability for any particular set of conditions. 


GENERAL REFRACTORIES 
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MULTI-PURPOSE CONTROLLED 


ATMOSPHERE FURNACE 
“—>" bright hardening, bright annealing and copper brazing 


DESCRIPTION OF EQUIPMENT 
The equipment comprises a gas-tight furnace with gas-tight vestibule, chute, quench tank, special hinged tray, 
automatic temperature control gear and controlled atmosphere plant. 


USES. 
The equipment is primarily intended for bright hardening, but can also be used for bright annealing, copper 
brazing and other heat-treatment operations. When used for bright annealing and copper brazing the quench 
tank is not used and the charge is allowed to cool in the vestibule after heating. 


a METHOD OF OPERATION. 

The charge tray has a hinged bottom and is fitted with a bar for charging and discharging purposes. This tray 
is loaded with work whilst on the platform in front of the vestibule. It is then pushed into the vestibule 
over the quench tank, the inner door raised and the tray again pushed, this time straight into the heating 
chamber. The inner door is closed. When the charge has been in the furnace for the required time, the inner 
door is again opened and the loaded tray withdrawn into a position directly over the quench tank, where it 
automatically tips, ejecting the parts into the quenching medium before any serious drop in temperature of 
the charge has occurred. The tray itself is automatically returned to horizontal as it is withdrawn for recharging. 
The work is in the protective atmosphere during the whole cycle. 

To prevent the charge being ejected into the quench tank whilst being pushed into the heating chamber, a 
safety device is fitted locking the quench levers in the horizontal position. This is released when the charge 
is to be quenched. 


ELECTRIC RESISTANCE FURNACE CO. LTD.| 


NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY Telephone: Weybridge 38/6 § the 


‘ 
PUSH PULL BAR _ 
Ma 
out 
dO 
Expo 


Many factories in this country—too many—are still with- 
out Power Trucks. In these factories Power Trucks would 


— Speed up movement of material and work in 


progress 
— enable ONE girl to do the work usually done D 
a 


by TEN men 
—cut out intermediate handling so that Move- 


ment can ANTICIPATE Processing. | N D U st R IAL 


Write for particulars of the Douglas Truck-Stillage system— 
the Advanced Striking Force of the Factory Front. Power TR U Cc K 


DOUGLAS (KINGSWOOD) LTD., P.O, Box 1T, KINGSWOOD, BRISTOL. (Tel. 73013) 
Export Div.: Engineering & Aviation Exports, Lted., 50, Pall Mall, S.W. 1. (Tel. ABBey 6210. Cables ‘Aerogal,’ London, 
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ELECTRIC FURNACES 


FOR THE HEAT-TREATMENT OF STEEL 


Temperatures up to 1,350°C. obtained by means of 
Patented Metallic Heating Elements 


Tool Hardening Furnace 
Rating 8 Kw. 4. 5 Kw. Heating Chambers 14” x 7” x 6” 


SIEMENS-SCHUCKERT (Gt. Britain) LTD. 


Head Office : Telephone : Ealing 1171 
GREAT WEST ROAD % BRENTFORD 3 MIDDLESEX 


Offices : LONDON, BIRMINGHAM, CARDIFF, GLASGOW, MANCHESTER, NEWCASTLE-ON-TYNE AND SHEFFIELD 
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IN THE WORLD 


CHEMICAL BALANCES 
MICRO CHEMICAL BALANCES L. OERTLING, LTD. 


110, GLOUCESTER PLACE, 
PORTMAN SQUARE, 


ASSAY BALANCES LONDON, W.1. 
BULLION BALANCES 
PRECISION WEIGHTS 


Please request detailed list. 


TAS/OR 217 


( 
4 A 
| 
| 
| 
= 
* 


METALLURGIA Apri, 1944 


TYPICAL OPEN ~ HEARTH 
FURNACE 
with telly stoping back wat 


a 
* 
x 


Four worthwhile applications of “STEIN KM” Chrome Magnesite Brick 
in the Open Hearth Furnace are— 


As a CENTRAL PANEL in the Back Wall over the tap hole, to reduce 
the scouring action of the siliceous wash. 
in the FURNACE HEARTH, similar to U.S.A. practice, One user 


has just converted his fourth furnace in the last three years to a 
“STEIN KM/STEIN CHROME” Bottom, using Magnesite only in 


the tap-hole area. 
A FACING to the BLOCKS which serves te maintain the direction 
of the flame throughout the furnace campaign. 


In the WING WALLS, where “ STEIN KM” gives protection to the 
Back and Front linings. 
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| 
of the incorrectly machined material which, otherwise, would 
- be designated scrap—with a consequent loss of man-hours, materials == «© ff ae 
always prove superior to the basis metal—wear-resisting and non- at | 
-corrodible, .‘* FESCOL’’-ising is a move to check waste. Wehave | 
. technical staff in various parts of the country who will be glad to > 
"may have fully descriptive-list M.U.3 on request. 
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Ha cpet 
and 


Harper- 


Meehanite 
Castings 


W7> 
a 


GETTING UNDER THE SKIN 


Time and again we have stressed the benefits of the “‘ Harper 
Skin.”” But someone said the other day, “ Yes—but it is 
what’s under the skin that. matters.” So here we show a 
Harper Casting that has been machined all over by a very 


Write for Technical Booklet: = = 
intricate series of operations. Proof of the all-the-way 
MEEHANITE METAL.” through quality of the casting. 


JOHN HARPER & CO. LTD. + JOHN HARPER (MEEHANITE) LTD. * ALBION WORKS - WILLENHALL 


PHONE: WILLENHALL 124 (4 lines) GRAMS: HARPERS WILLENHALL 


® H.100 


| 


If only by easing the burdens of labour, light alloys will pay their way. 


Besides this they will save power, overcome corrosion. Used architecturally they will 

symbolise a better age when lightness and cleanliness go with strength and beauty. 
< 

These, too, are reasons why * INTAL ’ are so proud to be makers of aluminium alloys 


for every conceivable purpose. 


Lid 


SLOUGH, BUCKS 


TELEPHONE: SLOUGH 23212 Infal WIRE: INTALLOYD SLOUGH 
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You can have it both ways! 


There is something to be said for the conservative method of 
manufacturing pig iron with plenty of limestone in the charge—it 
does keep down the sulphur content of the iron. There is a lot 
more to be said for the modern tendency to operate the blast furnace 
with a leaner burden and thus increase output—maximum iron 
production needs no brief in these days. No, we are not over- 
looking the resulting additional sulphur pick-up, but you can—if 
you treat the iron in the ladle with Sodium Carbonate. In the 


case of most grades of cast iron, treatment in 


the ladle with 1°) dense sodium carbonate re- 


moves 50°) of the sulphur present in the metal. 


Simple, effective, economically increased output. 


INDUSTRIES LIMrTED 


CHEMICAL 


IMPERIAL 


CN1116 
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Production at Kent Alloys is founded 
on a basis of accurate laboratory 
control at every stage. It is 

the spectrographic control 

of alloys, the radiographic 

control of castings which, 

combined with certainty as 

to tensile. strengths and hard- 


ness, ensure Consistency and 


Confidence. 
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meets the eye 


fin parts like Bolts and Screws, Rivets and Distance Pieces 


are not in the limelight—they do not meet the eye—but they 


. are essential parts, and that's why the authorities have set a 


high standard for them. You know that's sound policy—you 


know that you have to use the best that is made. If you value the 


specialist's job that is right in every respect you will value Linreads. 


Roli Threaded Screws, Solid and Tubular Rivets, Nuts, Bolts, etc., in all metals, 
Small Pressings, Auto and Capstan Turned Parts 


COLD FORGING 


SPECIALISTS 


LINREAD LTD., STERLING WORKS, COX ST., BIRMINGHAM, 3. Telephone: CENTRAL 6121-2-3. Telegrams; ‘LINREAD’ 
London Branch . Clifton House, Euston Road, N.W1 Telephone No.: Euston 6385 Telegraphic Address: Linread, Norwest 
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Easily applied. Easily removed. {deal for Camshafts, Swivel Pins, 
drying. Economical in use. Uniform Gudgeon Pins, Gears, Dies and 


results. Contains no poisonous In-. 
-gredients. Acid-free: therefore not Other machined parts. Recommended 


injurious at high temperatures. Ex- for all Heat-treatment methods, 


pensive machining after hardening jncluding Lead-Baths and Open- 
avoided. Straightening difficulties Hearth | 


REG® TRADE MARK 


7, HOLYROOD- STREET, BERMONDSEY 
HOP. 0430, LONDON, S.E.| 


| 
APPLIED TO LOCAL CASE HARDENING | 
| 
VAN 
| 
y \ 
\ 
\ 
H 


Xxvi METALLURGIA Aprin, 1944 


CRYSTALLOGRAPHIC ANALYSIS 
METALS 


A ‘‘Metrovick ’’ continuously-evacuated 
X-Ray Tube and equipment specially 
designed for the crystallographic analysis 
of materials. 


It gives information respecting the molecular 
structure of materials not obtainable by 
other means, and is of great use to the 
industrial research worker. 


As supplied to many leading university 
and research laboratories throughout the 
country. 


Send your enquiries. 


Close-up of X-Ray 
Tube with Camera 
Stand in position 


View showing Contro/ 


TROPOLI 
Vick: kerg WN 


TRAFFORD PARK MANCHESTER 17. _ 
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MILESTONES 


ON THE ROAD OF 


PROGRESS.... 


. ++... Pyrene Metal Surface Treatment Processes first became available in yy 
the nineteen twenties with the introduction of the «* PARKERIZING ” Rust- 
Proofing Processes Since then the following steps forward have taken place: 


[= * BONDERIZING ” for Paint Anchorage. 


oss * PYLUMINIZING ” for the protection of Aluminium. 


(> 2 * SPRA-BONDERIZING ” for Paint Anchorage by conveyorized and 
1936 


mechanically-controlled production methods. 


process for “ PARKERIZING ” and BONDERIZING ” of 
+37) iron and steel, also for treatment of zinc and cadmium surfaces 
or mixtures of these with ferrous metal assemblies 


ose « PYROGRIP ” Cold cement for dressing mops and bobs used for 


scurfing and polishing. 


« PARKERIZING ” for Lubrication. 


War developments which have taken place in this period are at 
present available only to Government Factories and Contractors. 


METAL FINISHING 
PARKERIZED BONDERIZED | 


Regd. Trade Mark . Regd. Trade Mark 


SPRA-BONDERIZED 


Regd. Trade Mark 


Three words meaning rust-proofed with PYRENE Chemicals 


THE PYRENE COMPANY, LIMITED, METAL FINISHING DIVISION 


| 
Great West Road, Brentford, Middlesex : 
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ROBERTSON 


4-HIGH ROLLING MILL FOR STEEL 
AND NON-FERROUS SHEETS 


UP TO 56in. WIDE 


Ensured by special precision type 2-motor 
screwdown gear. 


Ensured by sturdy design and accurate 
workmanship. 


Ensured by ‘flood’ lubrication bearings 
and high quality gears. 


Ensured by sledge roll removal gear. 


The illustration shows 
a Mill designed to roll 
sheets up to; 56” wide. 


i 


'WH.A. ROBE RTSON & CO LTD BEDFORD 
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Motorised Valves for 


AUTOMATIC CONTROL OF 
FURNACE TEMPERATURE 


The Butterfly Valve illustrated above is constructed of high quality gunmetal 
and is driven by a geared electric motor giving a positive and powerful driving 
torque. Motorised stop valves for steam control can also be supplied. 


THE RHEOSTATIC COMPANY LIMITED 
SLOUGH BUCKS 
Telephone: SLOUGH 23311/6 Telegrams: RESISTANCE, SLOUGH 
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THERMIC. & ENGINEERING CO. LTD. 
Gibbons Brae. ad) Salmon St. PRESTON Phone 3782 Grams PRESTON 
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SAND & DIE CASTINGS 
IN 


ELEKTRON ALUMINIUM 


MAGNESIUM “ALLOYS NORMAL AND HEAT TREATEO 


“ELEKTRON” FORGINGS 


STERLING METALS LTD 


TELEPHONE: 
COVENTRY 8903! (6 LINES) Cc O Vv E N T R Y 
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DAMENTAL S 


NO. C OMMUNICATION ATA DISTANCE 


Mercury of ancient mythology, was the courier of the gods flying with winged 
sandals to transmit their will to men. ; 

In the dim past, tribe spoke to tribe by means of smoke signals. Then came 
the flaring beacons—those flames on Skildaw which “roused the burghers of 
Carlisle.” In days of dire peril the news of Napoleon was flashed along the 
coasts by semaphore. 

The invention of the telegraph, telephone and radio has quickened communication 


Tue UNITED between the natidns of the world. 

Mitt Civilisation extends through the propagation of experience, information and 
‘ ideas to far distant lands. A vital part in all these complex methods of 
COMPANIES LTD communication is played by steel. . 


THE UNITED STEEL COMPANIES LIMITED 


STEEL, PEECH & TOZE®, SHEFFIELU APPLEBY-FRODINGHAM STEEL CO. LTO., SCUNTHORPE THE ROTHERVALE COLLIERIES, TREETON 
SAMUEL FOX @ CO. LTD., SHEFFIELD WORKINGTON IRON & STEEL CO., WORKINGTON UNITED COKE & CHEMICALS CO. LTD. 
UNITED STRIP 2 BAR MILLS, SHEFFIELC THE SHEFFIELD COAL CO. LTD. THOS. BUTLIN & CO.,WELLINGBOROUGH 
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LAMP OVENS 


. Baking of paint and other finishes often results in a serious bottleneck 

, in production. Such bottlenecks can be eliminated by using infra-red 

lamp ovens, in which a baking time of five minutes is quite usual as against 
sixty minutes or more by other methods. 

Baking industrial finishes by infra-red energy offers the following advantages :— 


SAVES TIME EASE OF ERECTION 
Baking time is usually 10°, or less of that taken Oven framework need consist only of angle iron 
by other methods. _ and sheet metal. 

° SAVES SPACE e EASE OF MAINTENANCE 


Owing to rapid drying less space need be given ‘(ttle can go wrong with lamp ovens. 


up to this operation. 
SAVES e REDUCES HANDLING 
Th is high! i The ease with which these relatively small ovens 
re Sey Ge. can be incorporated in the production line reduces 
handling to a minimum. 


Write for BTH. Infra-Red Bulletin No. |. 
Complete schemes and estimates prepared by our Engineers without obligation. 
THE BRITISH THOMSON-HOUSTON CO.- LTD. 


LAMP AND LIGHTING DEPT. 
BRIDLE PATH, WATFORD JUNCTION, WATFORD. 
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TOOL 


u BAS 


THE PIONEER 
CASEHARDENING 
STEEL 


The toolmaker who can say this and mean 
it, has had the bugbear of the toolmakers’ 
existence removed from his shoulders. 
(If that is the right place for the wearing 
of bugbears. Being experts in steel and 


FLATHER ill-versed in entomology we are not sure). 
Of this we are sure, and that is, that 

& - E E LS say, the treatment furnace, than the steel- 
maker has put into the steel. 


FINE QUALITIES TO FINE LIMITS FLATHER STEELS standardise desirable 


characteristics. 
AGENTS 


Wm. Watts Led. Canal Tel: Nottingham 42502. STOKE-ON-TRENT: George 


you cannot get better behaviour out of 


AREA MANAGER ; A. Bar ow, Bonnersfield Lane, Harrow, Middlesex. Tel: Harrow 0441. 

LONDON, C. Lindley & Co. Led. 34 Englefield Road. Tel: Clissold 0643 BRISTOL: Hassall Led. Elder Road, Cobridge. Tel: Stoke-on-Trene 5148-5149. WREXHAM: 
McArthur & Marsh Sereet Tel Gristol 2450! BIRMINGHAM, | : Stern & Gell, Lea, Rogers & jackson Tel: Wrexham 2255. AREA MANAGER: S. D. Bourne, The Moorings,” 
Camden Drive. Tet Ceneral 272 AREA MANAGER: E. G. Sparks, Dunchurch, Nr. Rugby. Leafield Road, Disley, Nr. Stockport. Tel: Disley 172. LIVERSEDGE, YORKS.: 
Tel: Ounchurch 293. NORWICH: Gunton Sons & Oyball, 3042 St. George Street. Tei Arthur Heaton & Co. Led. Valley Works. Tel: Heckmondwike $31-532. BOLTON: Thome 
Norwich 2140! BEDFORD: Randalls Lcd, 20 & 22 St. Mary's Screet. Tel: Bediord 3267. Walmsley & Sons Ltd. Atias Forge. Tel: Bolton 1875. NEWCASTLE UPON TYNE, !: 
COVENTRY: C. Stringers Sons & Co. Led, 27 & 28 Waterloo Street. Tel: Coventry 2600. Monkhouse & Brown Led. | Stockbridge, Manor Chare. Tel: Newcastle 24519. AREA 
RUGBY: Beresfords Engineering Services Led. 16 Gas Street. Tel: Rugby 3192. LEICESTER : MANAGER: G. E. McCaw, 112 Bath Street, Glasgow, C2. Tel: Douglas 342). 
Letcester Steel Supplies, 29 Gladstone Tel: Leicester 58745. NOTTINGHAM: GLASC OW, C.1.: John Simpson, Ir. (Glasgow) 97, 101, 103 King Street, City. Tel : Gell 3331-3332. 


W. T. FLATHER LTD... Standard Steel Works, SHEFFIELD 


Tel: ATTERCLIFFE 41152 (7 lines) 
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dissolwnd from bauxite by caustie.’ 
produ. sodidnp aluminate from which the: 
Ware oxide ccipitated as-eri-hydrate, 

main use hydrates as the basic raw material 
compounds Such as aluminium sulphate 
Muocride, and scdiem aluminate. 

Wiitining the hydrace drives off the whole of the 

wearer, giving anhydrous alumina, the Faw 
Wi for producing aluminium. In this form 
temmina is also used in the manufacture of abrasives 
‘ahd refractories, in the bedding of biscuit china, in 

trade and for the manufacture of sparking 

insulators. 

1e anhydrous alumina.may be fused in the electric 

form extremely hard crystals, for use In high 

de abrasives, refractories and plug insulators 


1 wo tons of bauxite are needed for each ton of pure 
= gfumina, and two tons of alumina are used €© produce 


each ton of ALUMINIUM. 


WHITE THE 


Temporary Head Office 
SALISBURY HOUSE, LONDON WALL, LONDON, E.C2 PA 
CLErkenweill 3494 Telegrams 


Telephone : Cryolite, Ave, London 
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IN THE VANGUARD 
OF PROGRESS.... 


The progressive development of Electric Arc Steel Furnace practice 
has been appreciably aided by the dependability and efficiency of 
Graphite Electrodes (Acheson Process) under the most rigorous 
conditions of operation. 


itis 
ec! odes. Sheffield. 
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CHANGE ON THE FOOTPLATE 


The efficiency of post-war railway motive-power equipment 
will be greatly increased by the use of HIDUMINIUM 
aluminium alloys. The qualities possessed by these alloys, 
such as—high strength/weight ratio, good corrosion resistance, 
ease of fabrication, and ability to take pleasing finishes, -will 


effect many changes in railway rolling stock design—from y 
change on the footplate to a redesigning of the smallest fittings in MINIM 
Passenger compartments. New ideas need new materials, and 


Hiduminium—indispensable in War—will play just as vital a part 
in Peace in almost every British industry and trade. Technical 
data is available from the Sales Department on Request. ALUMINIUM At t.orvs 


DUTY ALLOYS LiMiTteoD SLOUGH 


‘ 
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Etched and magnified 100 times these examples show the progress 
of the Steelmaker’s art. Most of the Steel user’s troubles come 
from the unwelcome presence of “inclusions.” | Modern plant 
and modern methods remove these causes of service failure 


THOS FIRTH JOHN BROWN 
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Mr. Huntsman breaks a spring 


Benjamin Huntsman, the inventor of crucible cast steel as we know it to-day, practised 
as a Watch and Clock Maker in Doncaster in the middle years of the | 
eighteenth century, and the constant failure of British Spring Stecl 
caused him to experiment and later perfect thé manufacture of the fine 
quality steel which made him world-famous. We propose to illustrate 
some of the interesting episodes from Mr. Huntsman’s life in this series 


of advertisements. 
BROCKHOUSE CASTINGS LTD. now produce Steel Castings to all 
commercial specifications and specialise in Heat-Resisting Steels produced 


by the modern equivalent of the Huntsman process. 


CASTINGS 
IN STEEL 


BROCKHOUSE CASTINGS LTD., WEDNESFIELD, WOLVERHAMPTON 


Telephone : Fallings Park 31221. 


Gun Quenching Jig cast 
in Heat Resisting Steel by 
BROCKHOUSE CASTINGS LTD. 


B 
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Phote.—Fox Photos 


increasingly represents the attitude of many Industrial 
Sty P 


Firms, surveying post-war production, in respect to the advantages of Reynolds’ 


Light Alloy Products. 
Here are metals, Strong as steel, but much lighter — that can not only help 


speed up the tempo of all ty pes of machinery but effect great economy in power 
—-to say nothing of their high anti-corrosion 


- 


It is a matter worth your serious enquiry for 


your post-war planning. 


May we send you full particulars ? 


TUBES-RODS-SECTIONS- SHEET & STRIP IN "HIDUMINIUM" ALUMINIUM ALLOYS 


BIRMINGHAM, 


REYNOLDS TUBE CO. LTD. & REYNOLDS ROLLING MILLS LTD, 
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ndescent Heat Co. Ltd « Furnace Engineers * Smethwick 


gervicl e e paramount importance on the war front and the factory PY \ 
front. Many men are needed to supPlY and service one rank che pattie 
small wonder chat the army founded a special Service corps! On the factory 
fronts out corps of Engineers are ready with and advice on all i : 
problems concerning heating’ and heat grearment- 
pactery of furnaces for the heat grearment of engine cornponen’® 
= R servicin’s a tank on the pattie front: 
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ELECTRIC FURNACES 
FOR THE TOOL ROOM 


and ‘tempering. 


* Advt. of The General Electric Co. Lid., Head Office : Magnet House, Kingsway, Londen, W.C.2. 
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: 
— preheating, hardening, | 
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PIREKS 


ALLOYS 
for high temperatures 


re Casehardening and annealing boxes in a wide 
variety of stock patterns and to special design are 
available in the various grades of * Pireks " Alloys, 
for all conditions of temperature and service. 
Write for particulars of ** Pireks * Alloys and list 
of patterns in stock. 


=/ DARWINS 


DARWINS LIMITED - FITZWILLIAM WORKS - SHEFFIELD 


0.H.3a 
EXPORT DIVISION: DARWINS TOLEDO OVERSEAS LIMITED, SHEFFIELD. 
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FATE ! FASTER ! is the cry to-day, and 
nowhere more than in the toolroom, where 
accuracy cannot be sacrificed for speed. That 
is why and that is where MIDSAW is called 
the Miracle Worker. It saws and files the 
hardest modern metals for Dies, Press Tools, 
Templets, Gauges and other Toolroom jobs, 
both regular and irregular shapes, with a 
speed and accuracy impossible by any other 
method and it achieves this with unskilled and 
inexperienced operators. Are you doing iobs 
on a lathe, a shaper or a drilling machine 
that could be carried through quicker and 
better on a more suitable, less expensive 


MIDSAW TOOLROOM 
BANDSAW AND BANDFILE MACHINE 


the blade what- 
ever its position 
in relation tothe If you have any doubts on this point, ask our 
work withou = 
moving the work technical advice service. They will be happy 
or the saw from “ 

the machine. to advise you. 


SAW TOOL co. LIMITED 


*BIRMINGHAMI, 
"Phone COLmore 4245/6. 


PER a INGSTON ON THAMES 


e. Kl List TON re ‘Telegrams: Morimil, Kingston.on Thames 
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A LOW 
TUNGSTEN 
STEEL FOR HOT 
DIE WORK. 


SPECIAL 
FEATURE 
TO WITHSTAND 
HIGH 
TEMPERATURES 
WITHOUT 
CRACKING 


OTHER 


SHEFFIE LD. 


A GOOD 
RELIABLE 
HIGH SPEED 
STEEL FOR 
TAPS, DRILLS, 
BORING AND 
TURNING 
TOOLS, 
PUNCHES, 
ETC. 


EXTRA 
TUNGSTEN 


THE STANDARD 
18-4-1 HIGH 
SPEED STEEL 


FOR ALL 
METAL 


CUTTING TOOLS, 


TWIST DRILLS, 
MILLING 
CUTTERS, 

ETC. 


A STEEL WITH 
JUST THAT 
EXTRA BIT 

OF QUALITY 

TO TACKLE 
THOSE SPECIAL 
JOBS THAT MAKE 
HARD GOING 
FOR LOWER 
TUNGSTEN 
BRANDS 


FOR 
MACHINING 
NICKEL CHROME 
STEELS, HIGH 
MANGANESE 
STEELS AND 
CASTINGS 


Our Booklet 8.6 gives full details of these 


THESE ARE ALL STANDARD QUALITIES —TRIED, TESTED AND PROVED. 

WAR-TIME GOVERNMENT RESTRICTIONS MAY HAVE CAUSED THE TEMPORARY SUBSTITUTION OF 
ANALYSES, BUT SOME ARE STILL AVAILABLE, AND OUR 
CUSTOMERS’ 


ANDERSON | ROTHERS &: 


LIMITED 


DISPOSAL. 


Steels, and is available on request. 
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SABEN 
TENCO 


COBALT 


FOR THE 

TOU SHEST OF 
ALL MACHINING 
JOBS. 
SPECIALLY 
RECOMMENDED 
CUSTOMERS’ 
MACHINES ARE 
NOT ADAPTED 
FOR THE USE OF 
CARBIDE TOOLS 


SERVICES AND ADVICE ARE AT 


JEWBOULD 


ENGLAND 
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Made to the highest standard, our range of products fulfils the requirements of every 
pouring problem. NOZZLES, STOPPERS, SLEEVES, LADLES and RUNNER BRICKS, etc. 


THOMAS MARSHALL & CO. (LOXLEY) LTD., LOXLEY, Nr. SHEFFIELD 
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The Black-out closes in... 
BLACK-OUT CHART FOR MAY 


pate 950 100 1010 1020 10:50 1040 1050 


50 S10 520 530 540 55060 


LJ PHASES 
3H : \ 
é (PM. (AM) 
9 FULL MOON \ 
0 MON. 8TH. 
13 
3 14 
15 
15 16 ( 
18 7 \ 
18. LAST QTR: 
18 19 MON.ISTH \ 
19 20 \ 
20 2! 
21 22 \ 
2 = 23 
23 - 24 
25 
NEW MOON 
7 28 MON 22ND. 
28 29 
29 30 
30 
3! UNE 

$50 100 1010 1020 1030 1040 1050 50 30 520 530 540 550 60 FIRST OTR 

TUES 30TH. 


% Times shown are those 


pt Reproduced from the Nautical Almanac by 
for area. 


mission of the Controller of H.M. Stationery 


Let the lengthening days of May, with relied upon all the time. To maintain 


more daylight in the factories, encourage output, to lessen the strain on workers, 
and spur us to greater production 


efforts ! 


lighting must be adequate. 
Wherever you find high standards of 


There are still, however, 24-hour shifts to 


be worked, and in permanently blacked- 
out factories artificial lighting has to be 


THE WONDERFUL LAMP 


Advt. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2 


lighting, designed with an eye to the 
well-being of workers to secure improved 
output, there you will find OSRAM. 
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SPECIALISTS MODERNISATION 
EXISTING COKE OVEN PLANTS 


ALSO GENERAL RECONSTRUCTION AND. REPAIRS 


PLANT, RECENTLY ERECTED TO THE ORDER OF A PROMINENT STEEL COMPANY 


A CENTRAL INSTALLATION OF COKE OVENS AND BY-PRODUCTS 


C= aD 


GIBBONS BROS. LTD., DIBDALE WORKS, DUDLEY, wore 
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The TJP Organisation exists 
to supply industry with first- 
class Non-Ferrous Alloys ... 

always maintained at the highest level of quality, so that 
their reliability has come to be well known and 
appreciated by a large circle of users in a wide 
variety of trades. In the happier days of Peace 
TJP Products will undoubtedly be in greater demand 
than ever and will make a real contribution to the 
betterment of that new world we are all striving for. 
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HIGH CARBON FERRO CHROME. 
LOW CARBON FERRO CHROME. 


Tel.: Rotherham 1836. 


Address your enquiries to the Manufacturers :— 


BRITISH ELECTRO METALLURGICAL CO. LTD., 


Grange Mili Lane, 
Wincobank, 
Sheffield. 


Telegrams : BEMCO, Sheffield. 


NON.FERROUS 
CASTINGS 


of PHOSPHOR BRONZE, MANGANESE 

BRONZE, GUNMETAL, ALUMINIUM 

and High Tensile ALUMINIUM BRONZE 

which possesses a tensile strength of 
45 tons per square inch. 


MAKERS OF CHILLCAST RODS AND 

TUBES, CENTRIFUGALLY CAST WORM 

WHEEL BLANKS, FINISHED PROPELLERS 

AND PRECISION MACHINED PARTS. 

ANTILFRICTION METALS, INGOT 
METALS. 


Fully abbroved by Adm riralty and 


BIRKETT Sons, Lid 


HANLEY-STAFFS 


BIRKETT, HANLEY Telephone: STOKE-ON-TRENT 200. 5-6 


“SEA CLIFF” Brand 
COPPER, BRASS and 
PHOSPHOR BRONZE 


TUBES, SHEETS, RODS and WIRE 
“Aldurbra” Aluminium-Brass Condenser Tubes, 


Protected under B.N.F. Patent No, 308647—1929 
Manganese Bronze, Yellow Metal, Naval Brass, 
Gun Metal. High Conductivity Copper Bars and 
Strip. Tin, Lead, Zinc and Compo Wire and 
Strip. Chill-Cast Phosphor Bronze Bars. Engraving 
Bronzes, Gilding Metals and Engravig Brasses 

Phosphor Copper and Phosphor Tin. 


All Wires for Metal Spraying. 


CHARLES CLIFFORD & = LTD. BIRMINGHAM 


ESTABLISHED 1767. 


Telegrams: 
Clifford Birmingham. 


Telephone: 
Mid. 2152 Pte-Beh.Ex. 


a Contractors to Admi- 
ralty, Office, Air 


Trade 
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Not without good reason have Wimet Tips become 
the standard by which all others are judged, for since 
we, the origina! pioneers in the manufacture of carbide 
tools in this country, produced Wimet Brand Tool 
Metal from which Wimet Tips are made, it has 
remained absolutely unsurpassed, the best tool metal 
ever used. Making for greater speed and accuracy as 
they do, Wimet Tips cannot fail to have a most 
stimulating effect on production, and their use will 
‘prove a very effective economy, due to their long 
working life between regrinds. Wimet, the finest 
and most durable of ali, are the only tips to use on 
your cutting tools. Our specialists are available to 
assist you in the application of Wimet to your 
production problems, and there is a grade of Wimet 


Tool Metal for every machinable material. 


WIMET N 
WIMET H. 
WIMET X. 


WIMET XX. 
WIMET X8. 


WIMET S58. 


WIMET G. 


For cast iron, non-ferrous materials and 
general use. 


For chilled iron rolls and extremely 
abrasive materials. 


For aluminium and aluminium alloys and 
certain classes of steel. 


For finishing cuts at high speeds. 


For rapid metal removal at medium 
speeds. 

For heavy duty and interrupted cuts on 
steel where conditions are unsuitable 
for other grades at corresponding range 
of speeds. 


For metal planing and woodworking. 


COVENTRY ENGLAND e 


IMMEDIATE DELIVERY OF STANDARD TIPS FROM STOCK 


LONDON BRISTOL. BIRMINGHAM MANCHESTER LEEDS GLASGOW NEWCASTLE 
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Some aver that if the Ancients had 
possessed the equipment of to-day Industrial 
progress would have speeded up. But a 
Modern Heat-Treatment Plant would have 
been meaningless to an old-time worker in 
metals without years of experience in 
“knowing how "’ to use it. 

* * 


BRYMILL can justly claim to have BOTH 
the Modern Plant and the ripened experi- 
ence in production of 

Heat-Treated Carbon and Alloy Steel 
Bar (including ‘* Hitenspeed fast- 
machining High Tensile Steel). 
Bright Annealed Mild Steel and Deep 
Drawing quality Strip. 


liv Apri, 1944 
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| 
BRYAILL 
* BRITISH ROLLING MILLS LTD.» BRYMILL STEEL WORKS = TIPTON = STAFFS - 
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when to use 


METTASCREEN 


For the radiographic inspection of heavier types of metals 
use Ensign Mettascreen Industrial X-Ray Film with intensifying 
screens. Mettascreen is particularly well suited for this 
purpose because’its high speed permits the exposure time 
to be reduced to a minimum and, since it maintains its well- 
balanced contrast throughout the whole ‘exposure range, flaw 
detection is greatly facilitated. 


Mettascreen used without screens is recommended for the 
radiography of all subjects having a wide range of thickness. 


METTASCREEN 
IS AN 


X-Ray Film 


The sevices of the Ensign technical department 
are available to deal with enquiries regarding 
Ensign Industrial X-Ray Films. Firms are invited 
to communicate with AUSTIN EDWARDS LTD., 
ENSIGN FILM WORKS, WARWICK (Manufacturers 
of X-Ray films for nearly 30 years.) 


JUNIOR 
ELECTRIC TOOL TIPPER. 


This machine is the smaller 
brother of our well-known 
“Coborn"’ Electric Tool 
Tipper. It will tip lathe 
tools from }” square up to 
14’ square with Carbide or 
Deloro Stellite, using a braz- 
ing medium. 


HIGH SPEED 
STEEL 


tools of 3” square up to |” 
square can be tipped using 
a welding powder. The maxi- 
mum electrical input is 
approximately 12 K.V.A. 


THE TIPPING OF 
MILLING CUTTERS 


The use of simple fixtures which 
we can supply permits the tipping 
of Inserted Tooth Milling Cutters 
from 4” wide up to |” wide with 
Carbide or Deloro Stellite. High 
Speed Steel inserted Tooth Cutters 
from }” up to 32” wide can simi- 
larly be made. 


@ Would you like a demonstration ? 


GEORGE COHEN 
SONS & CO., LTD Fan 


STANNINGLEY, Nr. LEEDS 


Telephone ; PUDSEY 2241 GROUP 
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FOR PERMANENT INSTALLATION 


Designed for flush mounting or wall fixing. 
12” scale. Switches for connecting up to any 
number of thermocouples or furnaces. 
Automatic cold junction compensator. => 


PORTABLE TYPE 


—a& 12” scale. For routine 
temperature measurements 
anywhere. For checking other 
instruments or thermocouples 
in the plant or laboratory. 


AND MANUFACTURING LICENSEES OF THE LEEDS 


183, BROAD STREET, BIRMINGHAM, 
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Photograph by permission of English Steel Corporation. : . \ Castings by Sterling Metals Led. 


AN EXAMPLE OF WHERE 
ELEKTRON HAS SAVED WEIGHT 


Elektron: Magnesium Alloy Pulleys 
35" diameter as used on double-acting 
Beche hammer. Such castings are 


made in weights up to 850-!b. 


**: MAGNESIUM ELEKTRON LIMITED, Abbey : Licensed Manufacturers: 
UIMITED, D. Nosthey Road, Foleshill, Coventry @ Castings THE BIRMINGHAM ALUMINIUM CA’ CASTING (1903) COMPANY 
LIMITED. Works, Smethwick, Birmingham @ | STONE & COMPANY UMITED. Deptford. London. S.€ 14 @ Sheet, Extrusions. Forgings & Tubes JAMES BOOTH’ 


CO, (1915) LYMITED, Ar, Steet Works: Nech Birmingham. 7 Sheet Extrus.ons. -Etc ED. 
Supers of “Elektron” Metal “the British Empire: A HUGHES co ut ey. House. er Street, London. Nw 
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HE magnetic induction method 
for the inspection of non-ferrous 
metals depends on the fact that the 
apparent resistance of a coil fed with 
high-frequency alternating current and 
surrounding the specimen varies with 
the dimensions and electrical con- 
ductivity of the latter. The method 
is primarily suited for tubes, rods or 
profiles of nominally constant cross- 
section which can be passed through 
the coil. Flow rates as highas | m. /sec. 
can be maintained through the appara- 
tus, which normally is provided with 
two test coils forming the opposite 
arms of a Wheatstone bridge. An 
‘ E.M.F. of sonic frequency is applied, 
and the out-of-balance current after 
amplification can be observed ona 
cathode ray oscillograph and willoperate 
an electronic relay as soon a\ certain 
limiting values are exceeded y j 

When testing for consistency of 
dimensions or constitution (hardness 
or heat-treatment, type of alley, etc.) 
the specimen under investigation passes 
through one of the coils whilst the 
other surrounds a stationary reference 
sample. Dimensional errors are 
separated from those due to heat- 
treatment, etc., by changes in phase 
displacement of the cathode ray record. 
The sensitivity of the inspection is not 
sufficient to record cracks or other 
inteinal faults (inclusions). 

Such faults are detected by passing 
the spec.men through both coils in 
succession, the coils being placed in 
close proximity to each other. Under 
these conditions, changes in dimension 
or constitution of sample (unless they 
are abnormal) will affect both coils 
equally, each crack or fault, on the 


Non-Destructive Testing of Non-Ferrous 
Semi-Finished Metal Products by New 
Magnetic Induction Methods 
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other hand, giving rise to two discon- 
tinuities in the record (a crack smaller 
than the longitudinal dimension of the 
coils is recorded twice as it passes 
through the two coils whilst for longer 
cracks the beginning and end of the 
fault is recorded). It is obvious that 
by duplicating the circuits and re- 
corders and employing three search 
coils spanning the specimen whilst a 
fourth surrounds the standard, the 
fault testing can be carried out simul- 
taneously with inspection for dimen- 
sions and heat-treatment. 

In most cases of semi-finished pro- 
ducts, the latter inspection need not 
be carried out over the whole Jength 
of the specimen. Thus in the apparatus 
developed by Heinkel for Dural tubes 
the checking for dimensions and heat- 
treatment against a standard is carried 
out over the first 20em., whilst the 
testing for flaws is carried out over the 
remaining length. Only one set of 
electronic recordeis is thus required, 
the coils only being switched in or out 
as required. 

The test 


process is completely 


automatic and does not depend on ° 


visual observation, special electronic 
relays being provided which auto- 
matically mark faulty sections of the 
tubes as they pass through the 
apparatus. Further relays ensure that 
only specimens fulfilling the specifica- 
tion are passed on to the works, the 
rejects being further sorted depending 
on whether the material or dimensions 
are at fault. 

A great advantage of the apparatus 
is the high speed of operation (over 
I m./sec.), and the absence of skilled 
attention. It is stated that prior to its 
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installation, numerous cases aros: 
where faults either escaped detection 
or were only noticed after an appre- 
ciable amount of fabrication had bee: 
carried out on the product. 


From £.7.Z, vol. 64, No, 31/32, Aug. 12, 1943,, 
pp. 413-4164, By courtesy of Ministry of 
Aircraft: Production. 


Iron- Plating 
By W. B. Stoddard, Junr. 


EPOSITION of ductile iron from 

chloride solution was reported 
by Kasper in 1937, who arrived at the 
conclusion that relatively soft, ductile 
iron can be deposited from a bath 
containing 5N ferrous chloride and 
0-10 N hydrochloric acid at a temper- 
ature of 222°F. (105§°C.) and a 
current density of 186 amp. per sq. ft. 
(2,000 amp./m.*). 

However, an improved chloride iron- 
plating solution has been developed in 
which grain size is controlled by the 
addition to the solution of relatively 
small amounts of manganese chloride, 
and pitting is eliminated by the use of 
the proper wetting agents. The 
improved iron-plating solution con- 
tains 200-500 grms. per litre of 
FeCl,.4H,O, plus 3-5 grms. per litre 
of MnCl,.4H,O and about 1 grm. per 
litre of gardinol W.A. powder. The 
temperature range over which this 
solution will produce heavy, fine-grain 
ductile deposits is broad, running from 
150° to 220° F. (65$-104}°C.). The 
pH range is 1-5 to 2-5, with an 
optimum at about 2-0. The cathode- 
current density range broadens as the 
temperature increases. At 160° F. 
(71° C.) the maximum current density 
is of the order of 50 amp. per sq. ft. 
(540 amp./m*). uncontaminated 
solutions the current efficiency is above 
95°. No ventilation is necessary. 
Many materials, however, will cause 
embrittlement and gassing this 
solution. 


From Chemical and Metallurgical Engineering, 
December, 1943, 


ETALLURGICAL CONSULTANTS offer 

their services on all metallurgical work 
covering Founding, Forging, Extrusions, Heat- 
treatment, Welding and Protective Processes. 
51, Russell Road, Horsell, Woking. | 


| HE Proprietors 


28, Southampton 


in Metallic Screens, Stencils and the like and Formation 
thereof are desirous of entering into arrangements by way of 
licence and otherwise on reasonable terms for the purpose of 
exploiting the same and ensuring its full development and 
practical working in this country. 

| be addressed in the first instance to Haseltine Lake and Co., 


of the Patent No. 461716 for Improvements 


All communications should 
Buildings, Chancery Lane, London, W.C. 2. 


alloy steels. 


industrial research. 


RESEARCH METALLURGIST, preferably with knowledge of 
engineering, required by well-known North Country firm 
specialising in the use and heat-treatment of high carbon and 
Age 27 to 37. Knowledge of the wire trade useful. 
Must be a goed mathematician, capable of 
Salary £450 to £600 per annum, accord- 
ing to education, experience and character. 
write for application form, which must be returned by April 
29th, 1944, to the Ministry of Labour and National Service, 
Central (Technical and Scientific) Register, Room 432, Alexandra 
House, Kingsway, London, W.C.2, quoting F.2019XA. 


conducting own 


Applicants should 
in this country. 


THE Proprietors of the Patent No. 515043 for Improvements 

in the Production of Metallic Screens by Electrodeposition 
are desirous of entering into arrangements by way of licence 
and otherwise on reasonable terms for the purpose of exploiting 
the same and ensuring its full development and practica! working 


the first instance to Haseltine Lake and Co., 28, Southampton 
Buildings, Chancery Lane, London, W.C. 2. | 


All communications should be addressed in 
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The ANNEALING and 
PICKLING PLANTS 


invented by Currans and protected by 
their Patents have enabled the Company 
to make a valuable contribution to the 
war effort of this country and the Company 
has been gratified by the notable success 
which their plants have achieved. 


In common with other manufacturers in 
this country Currans’ inventions have been 
entirely at the disposal of the Govern- 
ment during the war period and until 
the war is over Currans’ inventions will 
continue to serve the country. When, 
however, hostilities cease, the Company 
intends to exercise its rights to prevent 
infringement of its Patents. 


CURRAN BROTHERS LIMITED, CARDIFF 


Designers and Builders of Continuous 
Pickling Plants (Patent Spray Process) 


CARDIFF NEW YORK MONTREAL 


THE “LIGHTER” 

ZINC BASE ALLOY 

for SAND, GRAVITY, AND 
PRESSURE CASTINGS 


30-35% LIGHTER THAN BRASS OR ZINC BASE ALLOYS 
S. 20-25 Tons/sq. in. ELONG. 2-3% 


METAL CO., LTO., 
STANMORE, MIDDX, 


BROOKSIDE 


HONEYPOT LANE 
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propulsion 150 B.C 


WAS HERO OF ALEXANDRIA the first inventor 
with a sense of humour? In 150 B.c. or there- 
abouts, he seems to have designed a turbine toy 
as a form of comic relief from siege catapults and 
other ‘secret weapons’. A little premature, of 
course. In fact the basic principle of his ‘ whirling 
aeolipile’, with its hollow bronze ball rotated by 
the expulsion of jets of steam, was never put to 
practical use until the invention of the Parsons 
turbine in 1884. But steam had been making 
headway along other lines. The 18th Century 
saw Newcomen’s crude piston engine and Watt’s 
master patent raise steam-power to the status of 
prime mover number one in world industry. 


In spite of progress, however, the industrialist 
was little better off in one respect than Hero of 
Alexandria. Always the engtne improved 
never the fuel—until the Gas Industry introduced 
fuel on tap. Today the constant trend towards 
automatic fuel feed and thermostatic control 
brings. gas newer and bigger jobs in modern 
industry. Today the industrialist can plan for 
automatic continuous production on the basis of 
quick, cheap, reliable fuel fuel on tap, 
capable of simple, flexible, automatic control . . . 
clean fuel, which lends itself to use in nearly 
every modern industry through a wide range of 
compact and hygienic labour-saving equipment. 


THE. 20th-CENTURY 
INDUSTRIALIST 
APPRECIATES THE 
VALUE OF GAS 


Gas equipment is only available now for priority work, 
but industrialists planning for the post-war period can. 
benefit from wartime experience and achievement. 


BRITISH COMMERCIAL GAS ASSOCIATION * I GROSVENOR PLACE * 8.W,I 
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FURNACES GAS PLANTS 


For all Industrial Purposes. 


FURNACES OF ANY TYPE FIRED BY PRODUCER 
GAS, TOWN’S GAS, OIL OR SOLID FUEL. 


Clean Gas Producer Plants 
using Anthracite Coke or . 
Bituminous Fuel. 


ALSO MANUFACTURERS OF CRUDE GAS PRO - 
DUCERS, GAS TUBING, KILNS AND DRIERS, 
AND BULK STORAGE TANKS OF ALL SIZES. 


Producer Gas-Fired Regenerative Forge Furnace Hearth area 
i4 fe. O in. wide by 18 fc. 3 in. long by 11 ft. 6 in. high. 


DOWSON & MASON GAS PLANT COMPANY, LTD. 
ALMA WORKS LEVENSHULME MANCHESTER 


ALeep at the lomorrow of Peacelime 


“THE GREYHOUND DERBY” 


Thirty thousand people seething with excitement. The darkened 
stands forming a background to the brilliantly lit green of the turf. 
The trap snaps open, and instantly six lithe animals bound forward, 
their bodies glistening and their coloured jackets flashing. Excitement 
intensifies into a roar as the dogs bound into the straight. ..... 


One of the brilliant scenes which will return with the piping evenings 
of peace—when unblacked-out windows everywhere will again display 
the supremacy of the Ensign Lamp. 


Meantime, we keenly appreciate the courtesy and understanding 


implied by the consistent support of our many trade friends. We 
dy, are proud to continue in Service and, subject only to National require- 
te ¢ ments, will strive to maintain normal peacetime efficiency. 
Ae 
| 
Nat a ENSIGN LAMPS LTD., Kent Street Works, PRESTON 
. 3 Also at London, Birmingham, Manchester, Glasgow, Cardiff, Leeds and Belfast. 
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ETH-F Multi-Point 


PYROMETERS 


are made to measure all temperatures up to 2,000°C. 
when used in conjunction with thermo-couples and 


radiation tubes. We show herewith two types out of 
the many made by us which cover every requirement. 


TOTALLY ENCLOSED 
MULTi-POINT PYRO- ETHER MULTI—PCINT INDICATOR 

METERS. Type R.S.17 


Enables the tempera- 
ature of any number of 
points to be measured 
at a distance, quickly 
and accurately. The 
double pole rotary 
switch is sealed against 
dust and fumes, and can 
measure up to 20 tem- 
peratures on the single 
instrument. 


ETHER PLUG-IN SWITCHBOARD MULTI-POINT 
PYROMETER. Type S.E.17. A-simple form of multi- 
point switch, with self-cleansing contacts, arranged 
for use with any existing Ether Indicator to enable a 
number of temperature points to be measured 
quickly and accurately. 


Send for List No. 937 to: 


ETHER LTD., tyvsurn roap 
ERDINGTON-_:: BIRMINGHAM 24 
Telephone : East 0276/7. 


HOLDENS 


Case up to 8 feet long 
~ Hardening all Classes of High-speed and Sub. Steel oat 
Hardening Bakelite Moulds and Press Tools 
Hardening by the Shorter Process ‘ 
‘Chemical rustproofing (different colours) to ALD. and ¢ 
_ Cyanide Hardening, Capacity 3 tons per week 
Springs : Any size, shape or quantity. ge 
Aluminium Alloys Heat Treated to A.I.D. Specific ons: 
Heat Treatment of Alloy Steels up to 10 feet long — 
Heat Treatment of Meehanite Castings, etc. 
Crack Detecting on production lines and Sreeloseope 
Full Mechanical Testing = 


THE EXPERT TOOL CASE HARDENING 


AEST. 1918) 


cARTH ROAD, MORDEN, 


nape 
b 400 600 1090" e 
~ 
76 
> 
% . 
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| N, SURREY Telephone Derwent 3122 & 2342 

- -_ -- - . 


lxiv METALLURGIA Aprin, 1944 


MONITOR Oil Appliances 


Monitor Oil ‘Appliances are in short supply, but when peace 
returns, a full series will again be available. 
Remember the name “ Monitor "— British made throughout. 


For use in DIPPING, PICKLING, 
DEGREASING and HEAT 
TREATMENT PROCESSES 


Made in any size or shape—from 
STAINLESS STEEL, HEAT RESISTING ALLOYS 
MONEL, NICKEL, BRASS, ETC. 


Special Designs Developed 


Also WIRE CONVEYOR BELTS 
For Furnace and General Use 


WOVEN WIRE CLOTH AND GAUZE 
PERFORATED METALS 


‘Phone Warrington 190! 


how Seren “laces 7799 


=| 
| 
in 
MONITOR ENGINEERING & OIL APPLIANCES BIRMINGHAM 9 
f 
geat 
NG 96 
N.GREENING & SONS, LTO. WARRINGTON, LAN. 
Makers of 
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HIGHEST 
QUALITY 
CEMENTED 
CARBIDES 


For high performance and durability the reputation of ** VERALOY ” 


Tungsten Carbide Products is growing. Reports of greater numbers 
of pieces machined between regrinds with ‘‘ VERALOY "’ tools TOOLS ‘ TIPS 


—of 25 per cent. increase in tube footage, bar and drawn PIES ° PELLETS 
wire tonnages, with ‘‘VERALOY "’ dies—are accumulating. Special 
pieces cast to limits of plus-mirus .003 in., and closer, are creating BROACH CUTT ERS 


considerable interest. CHASERS 


Send your enquiries for everything in Tungsten Carbide. Any 
new suggestion will be carefully examined. FORM TIPS, ETC. 


VERALOY PRODUCTS LTD. 


BEECH ROAD, THE MARSH, HIGH WYCOMBE, BUCKS. 


London Office : ‘ "Phone: Penn 2295-6 
56, Victoria Street, S.W.1 "Grams : 
‘Phone : Victoria 9517 Veraloy, High Wycombe 


a 


for "every 
in dustry 


HALE, HALE DUDLEY PORT Stoffs 


GRAMS: “HALEFO’ TIPTON PHONES: TIPTON 1671/5 
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SCIENTIFIC MEASURING 


with 


ILFORD 
RECORDING 
MATERIALS 


Ilford Limited manufacture a compre- 
hensive range of sensitized materials for 
all types of Scientific Recording Instru- 
ments. Special emulsions have been 
produced and a study of their applica- 
tions made, particularly in the scientific 
measurement of periodic and transient 
phenomena by means of the Cathode 
Ray Oscillograph. 


The trace densiiy yielded by any photo- 
graphic material depends not only on 
the speed and contrast of the material, 
but also upon the spectral emission of 
the light source, thereby necessitating a 
careful choice of the material to be 
employed. 


To assist users in selecting the most 
suitable materials for their own par- 
ticular requirements Ilford Recording 
Materials have been classified according 
to the type of radiation which they are 
intended to record. This information is 
given in the Ilford booklet ‘Photography 
as an Aid to Scientific Work,’ and is 
available to all laboratories using 
Scientific Recording Instruments. , 


PHOTOGHAPRY| 
AS AN AIDTO. 
SCIENTIFIC WORK 


Ilford Limited manufacture a complete range 
of Senvitized Materials for all branches 
of Industrial and Scientific Photography. 


ILFORD LONDON 


ILFORD 
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EMBLEM OF 
BEARINGS 


Ss 


— WITTON- BIRMINGHAM: 6 


un 
= A BIRFIELD COMPANY = 


ALSO MONEL, OTHER ACID-RESISTING ALLOYS AND LEAD BRONZES. 
CENTRIFUGAL CASTINGS IN ALL NON-FERROUS ALLOYS. 


GAS FLOW 
RECORDERS 


AND 


INDICATORS 


FOR 


GAS 
ECONOMY 


Now that fuel and gas Arkon Gas Flow Recorder 
measuring gas to crucible 


maintenance of correct furnace. Records con- 
sumption, melting times, 


gas consumption is More — umber of melts on shifts, 
vital than ever to many etc. (Gas Pressure Re- 
plants and processes. .corder is also shewn). 


Gunns of Messrs. Locke, Lancaster, and 
& R. Johnson & Sons, Ltd. 


supplies are limited, 


Send your air or gas measurement problems to : 


‘WALKER, CROSWELLER & 


CHELTENHAM GLO 
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FROM THE | 
CUTANIT me 


PLANNING 


Well, sir, I think | we both have a lot in 
common. We both know that production can only be as as S 
as the existence of “bottlenecks” will allow. It isn’t easy these 
days to get the extra machine tools necessary to smooth out 
production at an even rate. But the use of tools of super 
performance is the best way to reduce cutting times and Cutanit 
Cemented Carbide tools certainly give maximum performance. 
It may prove to be time well spent to check up on what I’m 
saying. I’ve studied the application of Cutanit Tools to a 
thousand different jobs for many years, and I would like 
to collaborate with you on your own particular problem. 


I am always ready to come along 
and discuss the matter with you. 


BRAND CEMENTED CARBIDES Hit? 
The Hardest & Strongest Cutting Tools for 100! uses 


Write Department Ae Cutanit Development 
WILLIAM JESSOP & SONS LTD., Brightside Works, Sheffield or J. J. SAVILLE & CO. LTD., Triumph Steel Works, Sheffield. 


MAIJIEBES TY'S GOVERN MEN T 


ST.ANN STREET MANCHESTER 2 


She House Yuality 


SOLE DISTRIBUTORS or WORLD FAMED PRODUCTS 


GUNK D.P.. /f FROIDENE TARLENA 


DEGREASING SOLUTION SANTI — FREEZE ~ TAR 
AIRCRAFT "901% COMPOUND SOLUTION SOLVENT 


AFTER HOURS 


Tel. BLA 9865 PATENTED AND OFFICIALLY APPROVED Tel. GAT 3067 


| 
Aprin, 1944 
From one capert to ancther = 
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—for Macrome-brand tools and for small tools treated 
by the Macrome tool-toughening process, as manu- 
facturers come to realise the outstanding advantages 
the Macrome treatment of small tools offers in 
increased production, in reduced labour, and in greater 
average tool performance, 

THREE THOUSAND of the leading engineering firms in 
the country now regularly use Macrome-treated tools. 


MACROME 


THE TOUGHEST TOOLS 
IN THE WORLD 


MACROME LIMITED, ALCESTER, WARWICKSHIRE 


ALSO AT LONDON - GLASGOW += MANCHESTER - LEICESTER - LEEDS 
COVENTRY BRISTOL = NEWCASTLE-ON-TYNE BIRMINGHAM 


METAL DRESSINGS | 


| CHILLCAST BARS: 


MADE BY 


M°KECHNIE 


BROTHERS LIMITED 


BRASS RODS, STAMPINGS, and NON-FERROUS 
INGOT METAL MANUFACTURERS 


REGISTERED OFFICE : 
Rotton Park Street, Birmingham, 16 


Telephone : Edgbaston 358! (7 lines). 
Telegrams : “McKechnie, Birmingham.” 


= 
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* Precision Dimensioning. 
* Specialisation in accuracy of thickness. 
Complete range of sizes. 

* All types of leathers and dressings. 

* Cup, hat, and U washers in a wide 
variety of sizes for hydraulic and 
oleo-hydraulic work. 

* Quotations against specified require- 
ments a speciality. 
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ACCURATE LEATHER 


alé, MECHANICAL PURPOSES*** 


Whatever type .of Leather 
Washers you require, we can 
supply. Remember Metropolitan 
Industrial Leather Gloves are also 
available for all purposes. 


THE METROPOLITAN LEATHER CO., LTD., 
Queen Street, GT. HARWOOD, Lancs. 


“WILLIAM. MI 


GROVE STREET. = 


~ 


LIMITED, 


BIRMINGHIANT. IS.) 


* 
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If it’s a quéction | 
of hardening 


Process Company Ltd. 


Phone 42047-8 


Telegrams : 
Shorterize, Sheffield."’ 


| Celtic Works 
Savile Street 
SHEFFIELD 4 


| 
| 


86% 


ASTON, BIRMINGHAM, 6. 


VICTORIA ROLLING MILLS 


brass, copper, bronze 


Specially designed, and now 
used extensively in the air- 
craft industry, for the rapid 
and accurate determination of 
proof stress. 


GAUGE LENGTH 2’ 
MAGNIFICATION 1200:1 


BAT 


39. VICTORIA ST. LONDON SWI 


FULFILS 

BS1.and 

REQUIREMENTS 


SCRAP METAL 


There is still need to 
ccnserve and put to 
use all the scrap metal 
available 
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FOR HANDLING FOR PROTECTION OF 


EXIRACTION OF IRON 


COMPLETE RANGE OF ELECTRIC AND. 
NON-ELECTECG MAGNETIC EXTRACTORS AVAILABLE 


ELECTROMAGNETS LTD 


48 HIGH ST ERDINGTON BIRMINGHAM 23 


For Optimum Hardness and Strength 


NITRIDED 


NITRALLOY 


STEEL 
Particulars from 
NITRALLOY LIMITED 


25, TAPTONVILLE ROAD, SHEFFIELD, 10 
Telephone : 60689 Sheffield Telegrams : Nitralloy, Sheffield 


There is a **HARDENITE”? case-hardening 
compound suitable for any case-hardening 
operation, whether it be a question of uniformity, 
quick penetration, repetition, absence of freckle, or 
rapid case-hardening in the open hearth. 
“Hardenite” compounds are made solely by 


The 


AMALGAMS Co., Ltd. 
184, Attercliffe Rd., SHEFFIELD. 


ALUMINIUM 


|9 
| 
| ask Sh | 
=" 
20, ASHTON oLd ROAD 
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Hand firing means wasted 
man power, wasted heat, 
and wasted production. | 
Full temperature control, _ 
absolute necessity in 
industrial heating is only 
asible with Automatic 
toking. Mirriees Combus- 
tioneers are responsible 
for increas’ production, 
improving the lity of | 
the product and at the | 
same time cutting fueland - 
labour in a wide variety of 
Industrial applications. . 
Our experiencein this field _ 
is at your disposal~gladly. _ 


q 
ast 


MIRRLEES BICKERTON & DAY LTO., HAZEL GROVE, STOCKPORT, CHESHI 


F OR twenty years nickel producers have been 700 we 

in the vanguard of those who believe in educa- 600 y ‘ 

tional advertising. They have made _ widely B| 

known the properties of nickel and its alloys and #4 

have recorded the results of research and the 3 500 a 

experience of users. Thus metallurgists and = | 

engineers have been able to decide for themselves @ 400 ax 

whether a particular material would meet their = / oN 

requirements. = 300 

War problems have amplified our knowledge of SN 

both properties and fabrication methods. When 200 
peace returns, in company with other raw | 

material producers, we will be able to make this 100 + 

knowledge generally available. ; | 

Meanwhile, our services are at your disposal for 
the solution of current P roblems. Hardness Curves with increasing nickel 


Page from our Data Book 
on tron. 
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‘a 

THE MIRRLEES WATSON COMPANY LIMITED. SCOTLAND STREET, GLASGOW, 
THE FACTS ABOUT NICKEL WH 
‘ai 

THE MOND NICKEL COMPANY LIMITED 

Grosvenor House, Park Lane, London, W.1 | 
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FOUNDRY 


CASTINGS AT LOWER 


Foundry Practice is sent free on request to any 
foundryman. It is to help the practical man 
overcome his difficulties. 


The following articles appeared in recent numbers 
of ‘* Foundry Practice 


Sand Casting DTD. 424 
Use of Chills in Sand Moulds we PS 
Correct Cupola Operation ...  ...FP. 60-62 
Sand Mixtures ... —— 
Deoxidation of Nickel ‘Alloys 
War Emergency British Standards ... FP. 61 
Runners and Gates... 
Aluminium Gravity Diecasting ..-FP. 64-65 
A.B.C. of Heat Treatment... we OS 
Cast Iron Liners ; Cast Iron Pistons...FP. 66-67 
L.33 Test Bars . FP. 66 
Magnesium-Moulding M Methods, Speci 
fication.. 


Applicants will be put on the mailing list, and 
posted back numbers, if still in print, Write to :— 


FOUNDRY SERVICES LTD 
Wherever the weight to strength 285/7 Long Acre - Nechells - BIRMINGHAM 7 


factor has to be considered; where 


ductility and resistance to torsional mn 
no 
fatigue are important, and wher We are 
g portant, and where SPECI ALIZING 
resistance to corrosion is  funda- eo- 
ur 
mental—* Tungum” specified by in the manuf act TS 
those who know the characteristics B R ASS IN GO 
of this wonderful Alloy. 
% Tungum Alloy: is supplied as Rod and Bar ; | 
as Sheet and Strip; as Wire, Wire Rope, Gauze B’ S$ S. 1025 6. 
and Springs ; as Solid Drawn Tubing ; as Castings; ll sers 
Forgings, Stampings, Pressings ; and in fabricated A - we ask all u 
form as fastenings from the smallest rivet to the ur us 
largest bolt. to f avo m 
their enquirte 
TECHNICAL DATA SHEETS cTURERS OF : E 
Technical Data Sheets have been prepared dealing WE ARE MANUFA L BRONZ : 
with Tungum Alloy in each of the forms listed, GUNM G oO T Ss 
and these are available free on request. A y Ss ' N Ss 
ALUMINIU 


= TUNGUM SALES CO., LTD. 
E. HIND (SOUTH BANK) LIMITED 


yuse, Painswick Road, Chelten ; 
Brandon Hous ham, Glos. WORKS - SOUTH BANK - MIDDLESBROUGH 
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Control the 
Temperature of 
Quench Baths 


A PRODUCT OF 


\ Consistency of Heat-Treatment Production 


from the start to final shut down, in 
Furnaces with finely regulated temperature 
control, is equally dependant on the con- 
sistency of quench bath temperature. 
The “ PRESTCOLD” System thermostat- 
ically controls the temperature of the Oil 


within the desired limits. Details of the 
range of standard capacities gladly supplied. 


ELECTRIC 


FURNACES 


Distributed by 
PRESSED STEEL CO. LTD. 


COWLEY, OXFORD 
and 


WILD-BARFIELD 
ELECTRIC FURNACES LTD. 


ELECFURN WORKS, WATFORD BY-PASS, WATFORD, HERTS 
M-W.103 


METALLURGIA 


Ixxiii 


HEAT TREATMENT 


| FERROUS & NON-FERROUS | 


FORGING & BENDING, ETC. 


GIVING MERITORIOUS SERVICE 
TO MODERN INDUSTRY 


Priest Furnaces are designed to effect the greatest 
economy in fuel consumption and in labour. 


They conform to modern requirements in close 
control of temperature and atmosphere, with 
uniformity of heat distribution. 


PRIEST FURNACES 


PRIEST FURNACES LIMITED 
LONGLANDS - - MIDDLESBROUGH 


Also at TELEGRAPH BUILDINGS, SHEFFIELD 


P,26a 
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Alloys 
British Electrometallurgical Co., Ltd., 
Sheffield. 


High Wycombe. 
Basingstoke. 
Painswick Road, 


Hard Alloys, Ltd. 
National Alloys, Ltd., 
Tungum Sales Co., Ltd., 

Cheltenham, Glos. 

Aluminium and its Alloys 
British Aluminium Co., Ltd., Salisbury. 

House, London Wall, London, E.C. 2 
Brookside Metal Co., Ltd., Astra Works, 

Harland Estate, Stanmore » Middlesex 
High Duty Alloys, Ltd., Slough. 
International Alloys, Ltd., Slough. 

John Dale, Ltd., London, N. 11. 
ree’ Alloys, Ltd., Strood, Kent. 

Light Alloy Produets, Ltd., Birmingham. 
Mills, William, Birmingham. 
Priestman, T. J., Ltd., Birmingham, 
Reynolds Tube Co., Ltd., Birmingham. 
Universal Aluminium Co., Ltd., Manchester. 


Bandsaws 
Midland Saw & Tool Co., Ltd., Birmingham, 
Brass and Bronze 
—, T. M., and Sons, Ltd., Stoke-on- 
rent. 
Clifford, Chas., and Son, Ltd., Birmingham. 
Emery, Bros., Ltd., Birmingham, 
Manganese, Bronze and Brass Co., Ltd. 
Ipswich. 
McKechnie Bros., Ltd., Birmingham. 
Phosphor Bronze Co., Ltd., Birmingham. 


Casehardening 
Nitralloy, L Ltd., Sheffield. 
Shorter Process Co., Ltd., Sheffield, 4. 
Castings (Grey Iron and Iron Meehanite) 
farper, John, Ltd., Willenhall. 
Castings (Non-ferrous) 
~—, T. M., and Sons, Ltd., Stoke-on- 
rent. 
High Duty Alloys, Ltd., Slough. 
M — Castings and Products, Ltd., 
Siow 
Ste rin Metals, Ltd., 
Degrease 
Mack, Charles, and Co., 


Diecasting 
Ltd., 


Diecastings, 
Electromagnets 
a Magnets, Ltd., Erdington, Birming- 
1m. 
Electrodeposition 
Fescol Ltd., London, N. 7. 
Electrical Engineers 
Rheostatic Co., Ltd., Slough. 
Engineering Appliances 
Monitor Engineering Co., Ltd., Stechford, 
Birmingham. 
Extruded Rods and Sectio 
MecKechnie Bros., Ltd., 
Forgings 
Linread, Ltd., Cox Street, 
Foundry Preparations 
imperial Chemica! Industries, Ltd., London, 


Coventry. 
Ltd., Manchester, 


Birmingham, 


Birminghem, 
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Foundry Services 
~~ Services, Ltd., Nechells, Birming- 
am. 
Furnace Belts 
Greening, N., and Son, Ltd., Warrington. 
Furnaces (tlectric) 
Electric Resistance Furnace Co., Ltd., 
Queen’s Road, Surrey. 
General Electric Co., Ltd., Magnet House, 
Kingsway, W.C. 2. 
Integra Co., Ltd., 183, Broad Street, 


Siemens Schuckert (G.-B.), Ltd., Brentford, 
Middlesex. 
Furnaces (Fuel) 
Dowson and Mason Gas Plant Co., Ltd., 
Alma Works, Levenshulme, Manchester. 
Imperial Chemical Industries, Ltd 
Incandescent Heat Co., Ltd., Smethwick, 
Birmingham. 
Kasenit, —— 7, Holyrood Street, Bermond- 
London, 1. 


Priest Ltd., “Middlesbrough. 
Thermic pout ment, Ltd., Presto 

(Combined Heating and "Pickling 
nit) 

a Curran Bros. Ltd., Cardiff. 

as 

British Commercial Gas _ Association, 


London. 
Gas Flow Recorders 
Walker, Crosweller, Ltd., Cheltenham, Glos 


Gears 
Wallwork Gears, Ltd., 


Redbank, Man- 
chester. 
Industrial Power Trucks 
Douglas (Kingswood), Ltd., Bristol. 
Leather Goods 
Metropolitan Leather Co., Ltd., Great 
Harwood. 
Lighting 
British Thomson Houston Co., Ltd., 
London. 
Edison Swan, Ltd. 
Ensign Lamps, Ltd., Preston. 
General Electric Oo., Ltd., Kingsway, 


London, W.C. 2. 
Machine Tools 
Wickman, A. C., Ltd., Coventry. 
Magnesium Alloys 
Magnesium Castings and Producte, Ltd,. 
Slough. 
Malleable Iron 
Hale and Hale, Ltd., Tipton, Staff 
Mechanical Stokers 
Mirrlees, Bickerton and Day, Ltd., Stock- 
port. 
Metal Containers 
John Dale, Limited, London. 


Motors (Electric) 
Metropolitan-Vickers, Ltd., Trafford Park, 
Manchester. 
Non-Ferrous Metals 
Birmetals, Ltd., Birmingham. 
Hughes, F. A., Ltd., Swinton, Manchester, 
Minworth Metals, Ltd., Birmingham. 
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Non-Ferrous Metals—Continued. 
Mond Nickel Co., Ltd., London. 
Sterling Metals, Ltd., Coventry. 

Photo-Micrograph 
Ilford, ord, London. 


Pigies (Patent Automatic Spray Pickling 
nit) 
Currin Bros. Ltd., Cardiff. 
Iron 
Chemical Industries, Ltd., Birming- 
am. 


Protective Coatings 
Co., Ltd., Brentford, Middlesex. 
Ether, Ltd., Tyburn Road, Birmingham 
Integra Co., Ltd., 183, treed Street, 
Birmingham. 
Kent, George, Luton. 
Quenching 
Pressed Steel Co., Ltd., Cowley, nr. Oxford. 


Raw! Ltd., London. 
Recording Instruments 


Baty, J. E., Ltd., London. 

Ether, Ltd, Tyburn Road, Birmingham. 
Integra Co., Ltd., 183, Broad Street, 
Birmingham. 

Kent, George, Ltd., Luton. 

Oertling, L., Ltd., Gloucester Place, 


Portman Square, London, W. 1. 
Refractories 
Carborurdum Co., Ltd., Trafford Park, 
Manchester. 
General Refractories, Ltd., Sheffield, 10. 
Marshall, Thos., and Sons, Ltd., Sheffield. 
Stein and Co., Bonnybridge, 
ot 


d. 

Rolling 

Robertson, W. H. A., and Co., Ltd., Bedford. 
Rolling Mill * Motors 

English Electric Co., Ltd., 

Street, Stafford. 

Steels 

Brockhouse Castings, | Ltd. » Wolverhampton. 

Darwins, Ltd., Sheffield. 

Thos. Firth & John Brown, Ltd., Sheffield. 

Flather, W. and T., Ltd., She ffield. 

Jessop, Wm., Sheffield. 

Ledloy, Ltd., Woodley, near Stockport. 

Bros. and Newbould, Ltd., 

€ 

United Steel Companies, Ltd., Sheffield. 
Tipped Tools 

Cohen, George, Ltd., Sheffield. 
Tools 

Macrome, Ltd., Alcester, Warwic's. 
Vitreosil Combustion Tube 

Thermal Syndicate, Ltd., 
Wire Baskets (for Dipping _ 

Greening, N., and Son, ia, Warrington. 
Wira Conveyer Belts 

Greening, N., and Son, Ltd., Warrington 


Wire Drawi' uipment 
A., Ltd., Bedford 


Warwick. 


Foregate 


“ray 
Austin-Edwards, Ltd., 
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APRIL, 1944 METALLURGIA 


THE BEST WORM GEAR 


Completely enclosed, Dust-Proof and Oil immersed, 
impervious to dirt, moisture, acid fumes, or other 
unfavourable operating conditions. 


YPICAL combined Double Worm and Spur Drive for steel 
works plant. Ratio of reduction 2160/1 with speed variation 
by P.I.V. infinitely variable speed gear to 6480/1 total ratio. 


Worm Reduction Gears are carefully constructed and 
rigidly tested. Conservative rating enables them to 


withstand heavy over-loads and provide a smooth 
even drive with large reduction ratios. 


WALLWORK GEARS Liv. MANCHESTER 4 


TELEGRAMS : “FOUNDRY, MANCHESTER” TELEPHONES: BLACKFRIARS 180! (3 lines) 
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“I’ve been making these parts for two years. At first I got 
out about 130 or 150 a day. Then they gave us a different 
kind of steel to make them with—with magenta ends if that 
means anything—grand stuff. I’ve never made less than 300 


-parts a day sine then—with better finish and longer tool life. 


This new stuff is British and it comes from several Works. 


I never want the old stuff again, and none of the other girls 
do, You should hear the tool room boys—they speak as though we were 


little angels—but this steel is the real angel.” 


ennedy Pres, Wiblon Street, Manonéster 1, and don, W 
ee: the “Brothers Limited, Tite Hotspur ag Manchester; 
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